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RADIUM IN MEDICINE: INTRODUCTION AND 
GENERAL CONSIDERATIONS 


Robert E. Fricke 


Probably no other branch of medicine has aroused so much 
universal interest as the new science of radiology. Including 
both diagnosis and treatment, it has added immeasurably to 
achievements in the art of medicine. With its recent inception 
and rapid development, radiolog}' is a growing, changing 
science and in the opinion of many is the most promising field 
in medicine today. 

Much progress had been made in the art of healing by the 
dosing years of the nineteenth century. There had been no- 
table advances in surgical methods; the introduction of anes- 
thesia and of asepsis and antisepsis proved to be the foundation 
of modem scientific surgery. Internal medicine progressed 
rapidly; better medical education was ottered in fewer but far 
better medical schools. 

DISCOVERT OF THE x-RAY AND EARLY INVESTIGATION OF 
URANIUM 

In 1895 came something new. conceived by nonmedical 
scientists but quickly adopted by physicians. In that year. 
Vk ilhehn Konrad Roentgen, Professor of Physics at the Uni- 
versity of Wurzburg in Bavaria, discovered an invisible ray 
that could penetrate matter and affect photographic plates. 
Roentgens discover}' climaxed the patient research of hun- 
dreds of physicists who had been experimenting for two cen- 
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turies with the passage of electricity through gases and 
through partially evacuated glass tubes. 

The popular interest in this new ray was world-wide. It 
is characteristic of the thoroughness of the German scientific 
mind that Roentgen did not report his discovery until he had 
experimented at length and had produced a finished and de- 
tailed study of the physical principles involved. 

The discovery and immediate practical use of the new ray 
in medical diagnosis stimulated other physicists. The fluores- 
cence seen in the walls of the old gas tubes during the produc- 
tion of the x-rays interested many workers. In Paris, Henri 
Poincare believed that the fluorescence of the glass was neces- 
sary for the formation of .r-rays and reasoned that fluorescent 
minerals also might yield invisible radiation similar to the 
x-rays. Antoine Henri Becquerel, Professor of Physics at the 
Polytechnical School in Paris, studied salts of uranium. This 
was a fortunate choice, as uranium was found later to be an 
ancestor of the element radium. Becquerel placed uranium 
minerals in metal containers over a covered photographic plate 
and exposed the preparation to sunlight; development of the 
plate revealed the appearance of dark spots where the uranium 
had rested. During a period of cloudy weather this prepara- 
tion was left in a desk drawer for several days, but before 
exposing to the sunlight, with a true instinct for research, 
Becquerel developed the plate and found the same dark mark- 
ings. He concluded that invisible rays emanated from uran- 
ium minerals and he studied the rays carefully. He found 
that these rays could not be refracted nor reflected and that 
they discharged a charged electroscope; in fact, these 
“Becquerel rays,” as they were called, were somewhat similar 
to Roentgen’s* rays. He found that the rays were emitted 
spontaneously, apparently a property of the atom, from all 
uranium compounds and from the element uranium itself. 

In short, Becquerel’s work, often overshadowed by subsequent 
research’, was really outstanding and provided a secure founda- 
tion for the amazing accomplishments of the Curies. 
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RADIUM: DISCOVERY AND PROPERTIES 
Madame Curie, of Polish birth, who was engaged at this 
time in research work with her husband. Pierre Curie. Pro- 
fessor in the School of Physics and Chemistry of the City of 
Paris, determined to investigate further the new Becquerel 
rays. She realized the value of precise measurements in this 
work. Hence, she decided to make these measurements by 
utilizing the property of the rays to discharge an electroscope. 
She interested her husband in the problem and they worked 
with residues of uranium ores obtained from the Austrian 
government. For this work they employed a sensitive elec- 
trometer which had been devised by Pierre Curie and his 
brother. 

The story of the arduous labors of the Curies, who worked 
with poor equipment, no permanent help and miserable labora- 
tory facilities, is well known/ 1 In brief, to their surprise they 
found that some of the uranium ores had stronger electrical 
properties than pure uranium: they decided that an unknown 
element contained in the ore was responsible. Patient search 
isolated traces of the new element in each ton of pitchblende, 
and radium was announced as the new element in 1S9S. Years 
of labor followed: by 1910 an exact determination of the 
atomic weight was accomplished and the pure metal isolated. 

So far the bare skeleton of the momentous discovery of 
radium has been traced. There was instant world-wide excite- 
ment among scientists and public alike. For two reasons the 
discover}' opened a new era: first, it rearranged all concepts 
of physics and chemistry, permitting exploration of the atom 
and aroused hopes for future release of the tremendous atomic 
energy locked therein and, second, it furnished the medical pro- 
fession with an entirely new method of combating civiliza- 
tion s greatest scourge, malignant disease. 

Radium proved to be one of a series of complex unstable 
elements, evolving over billions of years from uranium, and 
itself disintegrating to form simpler elements. During; this 
process an enormous amount of energy was being released 
steadily. A civilization existing on the energy furnished by 
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the combustion of coal became understandably interested in 
an element which produced a million times the energy fur- 
nished by burning coal. However, this energy was not evolved 
instantaneously but at a fixed gradual rate over many cen- 
turies of time, and its rate of flow could not be hurried, 
retarded nor harnessed for man’s need of power. The long 
sought transmutation of elements was now a reality; the 
dreams of the old alchemists were at last realized and radium 
was studied intensively in all the laboratories of the world. 

Radium disintegrates spontaneously, giving off protons 
{alpha rays ) which are positively charged helium nuclei and 
are realty particles and not true rays. Beta rays also are 
emitted; these are negatively charged particles of electricity, 
or electrons, similar to cathode rays in the roentgen-ray tube. 
Gamma rays are emitted too; these are true rays, similar to 
roentgen rays but of shorter wavelength and of far greater 
penetration; some of them can traverse 25 cm. of lead. 

The proportion of the three types of rays or particles are 
as follows: alpha particles, SS.8 per cent; beta particles, 4.5 
per cent and gamma rays, 6,7 per cent. The rays in this pro- 
portion are emitted from radium in equilibrium with its decay 
products. Radium alone yields only alpha particles; as the 
element is enclosed in glass or metal when in medical use. sub- 
sequent elements are formed and as they decay, yield their 
energy in the form of rays, all in the tiny laboratory of the 
tube containing the element. Hence, radium gets the credit 
for rays generated by its descendants. As radium emits alpha 
rays it decays to form radon , a gas which is an entirety dis- 
tinct element. Radon itself emits alpha rays and becomes a 
metallic element known as radium A. Radium A emits alpha 
rays and becomes radium B . Radium B and its descendant, 
radium C, furnish the beta and gamma rays used in medicine. 
They are employed at a great loss of energy, as alpha rays, 
which carry SS per cent of the energy, are stopped by the 
thinnest glass or paper and hence not utilized. To obtain 
these descendants of radium which yield the powerful rays 
needed for therapeutic purposes, a supply of radium itself is 
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needed, as the lower elements pass away quickly. Radium 
takes centuries to disintegrate: in 1690 years halt ot any 
initial supplv has vanished: in another 1690 years not all the 
residue has gone, but just half of the remainder, and so on 
down through the centuries. During all this time the flow ot 
energv is constant and dependable, an ideal characteristic for 
exact computation of dosage in medical work. 

Radium had a fair start in life because its discoverers 
were, like Roentgen, true scientists. The Curies lived only for 
their work and refused meaningless decorations and emolu- 
ments. They refused to patent or otherwise restrict their dis- 
cover}', but gave it freely to the world. Science itself is inter- 
national: work proceeded in each country and ideas and 
records of progress were exchanged freely. 

SOURCE AND SUPPLY OF RADIUM 

This brings us to the interesting question of the source and 
supply of radium. Radium is always found in uranium ores 
in a fixed ratio, one part of radium to 4.000.000 of other 
material in the richest pitchblende. This enabled the phys- 
icists. Rutherford and Soddy. to trace the life history of 
uranium and deduce the formation of radium from its more 
complex parent. The Curies made their discover}' from ores 
taken from the St. Joachimsthal mines in Bohemia and fur- 
nished by the Austrian government. As soon as the value of 
radium was recognized, the Austrian government prohibited 
exportation of the ore and the first monopoly was established. 
The succeeding history of radium in medicine is the story of 
monopolies of the valued metal by different governments. A 
world-wide search ior radium began. In the United States, a 
low grade uranium vanadate was discovered in Colorado and 
L tah in the early years of this century. This was assayed in 
France and named cumotsic, after the French chemist. Carnot 
For years the American ore was shipped abroad, refined and 
purchased from abroad at high prices by physicians of the 
United States. Finally, about 1911. an’ American engineer 
named Patrick Flannery determined that American ore should 
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be refined in this country and become available to the phys- 
icians of the United States. He studied methods used abroad 
and organized the Standard Chemical Company, which began 
producing radium in 1913. The crude ore mined in Colorado 
and Utah was hauled to Marysville, Pennsylvania, and the 
laborious process of extraction performed there. Native 
radium became available at a cost of about $120,000 per gram. 
Five hundred tons of crude ore plus an equal weight of chem- 
icals were necessary?- to produce a gram of pure radium. An 
American monopoly now existed, and for the next ten years 
most of the world's radium came from Colorado and Utah. 
Dr. Howard A. Kelly, of Baltimore, and Dr. James Douglas, 
a philanthropist, also formed a National Radium Institute with 
the United States Bureau of Mines and obtained a large supply 
of radium for the Howard A. Kelly Hospital in Baltimore and 
the Memorial Hospital in New York City. 

At the outbreak of the first World War, about 1913, an 
extremely rich deposit of pitchblende (uranium oxide) was 
discovered in Africa in the Belgian Congo. This find was not 
disclosed until hostilities had ceased. This pitchblende was 
far superior to carnotite in its content of radium and the cost 
of labor was much cheaper. Hence, although the crude ore 
had to be transported 1600 miles to the ocean and about an 
equal distance to Belgium for refining , radium could now be 
purchased for $70,000 per gram. At that price, radium could 
not be produced profitably from carnotite, and gradually all 
companies in the United States ceased production. The Bel- 
gian radium belonged to the Belgian kingdom and proceeds 
helped pay the taxes of the country. Belgium supplied prac- 
tically all the world’s radium from 1920 to 1930. 

Gilbert La Bine and his brother Charles. Canadian pros- 
pectors since childhood, discovered in 1930 a rich vein of 
pitchblende at Great Bear Lake, on the edge of the Arctic 
Circle. Activity gradually changed from equatorial Africa to 
the frozen North. Tremendous difficulties faced the La Bines; 
large sums had to be raised for initial expenses. When things 
looked hopeless, Marcel Pochon, a former pupil of the Curies , 
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brousht bis equipment from France and simplified the time- 
consuming process of extraction. About 1932. the Belgian 
companies dropped the price of radium to S^O.OOO per gram. 
When the Canadians were able to meet this competition, the 
Belgians, in 1936. again reduced the price to S25.000 per gram. 
Even with this reduction the rich Canadian ore could be han- 
dled profitably and the lower price proved to be a boon to phys- 
icians; three patients could now be treated when only one could 
be cared for before. At the outbreak of this present war. 
Canada had stepped up production to 10S gm. a year: the 
world supply was approximate!}' S00 gm.. or nearly 2 pounds, 
whereas the world supply in 1930 was approximately 300 gm. 
Laytha furnishes an interesting account of the development 
of the radium industry in Canada. The present war has now 
halted production everywhere, with more than a million dollars 
in unfilled orders which will have to wait. 

RADIUM THERAPY 

Fortunately for the new' science most of the pioneers in 
radium therapy possessed the same high character as the 
Curies. The biologic effects of the element were, of course, 
unknown. In 1901, Becquerel carried some radium in his 
vest pocket; in the course of a few weeks a bum appeared on 
his abdomen. Pierre Curie, interested, strapped radium on the 
tender skin of his forearm. In due time the same effect was 
noted. On Besnier's advice, radium was loaned to Danlos 
to use at the St. Louis Hospital in Paris. Superficial epitheli- 
omas. lupus and tuberculous ulcerations were treated empir- 
ically and in many cases healing occurred. After a three-year 
trial Danlos was convinced of the therapeutic value of radium 
within restricted limits. 

Radium therapy was then placed on a scientific basis by the 
enthusiastic efforts of Wickham and Degrais. of Paris. With 
the co-operation of Armet de Lisle, who supplied the radium, 
the Biologic Lab orator}’ of Radium w’as organized in 1906, 
with special emphasis on research and careful physical meas- 
urement of dosage. Dominici. who had not previously worked 
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with radium, was made director of the physiologic laboratory 
and of therapeutic studies as applied to medical pathology. 
Patients were treated with great care and careful records were 
kept; moreover, visiting physicians were welcomed and en- 
couraged to study the results. Previously, onfy superficial 
lesions had been benefited by treatment. Now, with the aid 
of Dominici and the physics laboratories, “ultra-penetrating 
rays” were employed by filtering the radium through 0.1 to 
2 or 3 mm. of lead. Depth dosage was improved. Wickham 
first added, in 1907, the principle of crossfire and cured a large 
erectile hemangioma on a child’s forehead by the application 
of rays through several fields around the tumor. A perusal 
of Wickham and Degrais* textbook reveals the authors as 
most conscientious workers. The two innovations — heavy 
filtration, which enabled utilization of more penetrating rays 
for efficient deep effect while sparing the superficial tissues, 
and the principle of crossfire , that is, administration of heavy 
dosage to circumscribed deep targets — at last afforded a 
method of treating malignant processes deep in the body. 
Wickham and Degrais pointed out the specific effects of irra- 
diation on different pathologic processes. They were also 
conservative and counseled that for many types of lesions, 
radium therapy wa s not a suitable method; also, that “radium 
acts locally, and does not play any recognized part in general 
infections and in distant metastases.” 

Meanwhile, progress was recorded in the United States. 
Robert Abbe, in 1905, was the first to burv tubes which con- 
tained radium into tumors. Prominent surgeons hastened to 
adopt the new therapy. Howard A. Kelly of Baltimore, inter- 
nationally known surgeon and one of the “four doctors” who 
formed the teaching nucleus of the Johns Hopkins University 
School of Medicine, purchased his first supply of radium in 
1905 or 1906. 

Compulation oj dosage has been a complex problem in 
radium therapy. In the pioneer days of Wickham and Degrais , 
the measurement of the amount of radium salt used in treat- 
ment was very crude. Purity of the radium was gauged by 
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comparison of its ionization effect with that of uranium. In 
articles of that time ; '50 mg. of radium sulfate of 200.000 ac- 
tivity." is mentioned. This statement indicated that the radium 
salt was weight for weight 200.000 times more active than 
uranium. In 1910. the Congress of Radiology and Electricity, 
which met in Brussels, delegated Madame Curie to prepare an 
international standard for radium. In 1912 Madame Curie 
prepared the first standard of pure radium chloride. Since 
then, each country has set up a standard for pure radium salt. 
Any radium which is purchased in this country must be com- 
pared with the government standard in the Bureau of Stand- 
ards. and by its content of gamma rays exact measurement 
can be made. Radium is always sold in the form of one of its 
salts. In this country, only the amount oi the actual radium 
element is considered and measurement is made by comparison 
of the gamma ray with the standard. 

Radium therapy improved in effectiveness with the active 
collaboration oi leading physicists. In this country. Duane, 
in 190S. suggested using radon directly within malignant 
tumors. Janeway. at the Memorial Hospital in New York 
City, developed this idea and used radon in bare glass tubes. 
In 1914. Joly and Stevenson enclosed glass seeds containing 
radon in steel tor temporary implantation. In 1920 Failla 
designed apparatus for making glass tubes for permanent im- 
plants oi radon, and in 1926 developed methods for introducing 
the radon directly into gold tubing for permanent implantation. 

Undoubtedly, work with radium was stimulated by the 
excellent reports of Kelly and his associate. Burnam. at the 
annual meetings of the American Medical Association in 1914 
and 1915.' v detailing results in the treatment of uterine hem- 
orrhage* and fibroids, and of carcinoma of the uterine cervix 
and vagina. 

The concomitant advances in clinical pathology aided the 
new therapy. Changes in radium technic were guided by histo- 
logic study of irradiated tissues. In 1905. Bergonie and Tribon- 
deau taught that immature cells and cells undercoins mito-i- are 
especially sensitive to irradiation. Hence, tumors containing 
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more embryonal cells regress much more rapidly than growths 
formed of adult types of cells. Colwell and Russ made valuable 
contributions on the effect of radium on normal tissues; Ewing 
has worked out in detail radium effects in different types of 
cancer. MacCarty, Alter and Broders are other pathologists 
whose contributions have been invaluable, and their work has 
taught us much regarding the effect of irradiation and has 
been of decided value in prognosis. 

RADIOLOGIC ASSOCIATIONS AND PUBLICATIONS 
The development of irradiation in medicine can be ap- 
preciated by a glance at the organizations which have fostered 
and furthered the use of the new therapeutic agent. One of 
the earliest radiologic associations in the United States was 
the American Roentgen Ray Society. This was organized in 
1900 as the Roentgen Society of the United States for the 
purpose of the advancement of radiology and its maintenance 
as a specialty in medicine. The present name was adopted in 
1906. It was incorporated in 1922 in the District of Columbia 
and has a membership of about 461. The official monthly 
publication is now termed the “American Journal of Roentgen- 
ology and Radium Therapy,” because it has included the pub- 
lished work of the American Radium Society from 1922. 

The largest radiologic society in this country is the Radio- 
logical Society of North America , which began as the Western 
Roentgen Society in 1915. Its present name was assumed in 
1918. The membership is about 1,24 2, and the monthly pub- 
lication is “Radiology.” 

The American Radium Society has functioned since 1916 
and now has a membership of about 125. 

The American Society for the Control of Cancer was 
started in 1913 and incorporated in 1922. The membership 
is about 2,000. It is an educational society, and its object is 
to collect, collate and disseminate information regarding mal- 
ignant disease. 

The American College of Radiology has been in existence 
since 19^3 This is an honorary organization which cor- 
relates the work of the other large societies. Prior to 1924, 
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radiologists met in the Section on Miscellaneous Topics at the 
annual meetings of the American Medical Association, but in 
that year a Section on Radiology was established. 

Similar organizations grew up simultaneously throughout 
Europe. Many local societies also function in this country. 

These various societies have annual meetings at uhich 
radiologists gather and present advance^ in their special field, 
later to be published in the official journals. Then too the 
rapidly changing technic in both radiologic diagnosis and 
therapy is admirably summarized each year in the ear Book 
of Radiology* by Kaplan and Waters. The editors collect and 
abstract the outstanding contributions in radiologic literature 
of the preceding year. 

The American Board of Radiology which was formed in 
1924. certifies specialists in this field of work on the basis of 
their experience and ability and on the results of examinations 
given by the Board. Its work serves to protect the public 
and elevate the standards of radiology as a specialty. 

Five International Congresses of Radiology have been held 
in different parts of the world. Since radiology plays such an 
important role in the treatment of cancer, radiologists have 
great interest also in the International Cancer Congress held 
even' few years. 

COMMENT 

In the struggle of medical science to overcome malignant 
disease, radium therapy plays an important but not exclusive 
role. Surgical procedures, electrosurgery, radium and roentgen 
therapy are necessary to conquer the complex of diseases 
grouped under the term “cancer/* Every' practicing phvsician 
should know that these four methods are the only scientifically 
proved means of treating cancer. In a recent survey, the 
American Society for the Control of Cancer found that in 
30.000 proved cases of malignant disease five-year cures had 
been achieved by surgical procedures and irradiation. Since 
cancer starts as a local disease, the earlier irradiation therapy 
is instituted, the more effectively the disease can be treated. 
It metastasis and extension have occurred, palliation is all that 
can be offered. 
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more embryonal cells regress much more rapidly than growths 
formed of adult types of cells. Colwell and Russ made valuable 
contributions on the effect of radium on normal tissues; Ewing 
has worked out in detail radium effects in different types of 
cancer. MacCarty, Alter and Broders are other pathologists 
whose contributions have been invaluable, and their work has 
taught us much regarding the effect of irradiation and has 
been of decided value in prognosis. 

RADIOLOGIC ASSOCIATIONS AND PUBLICATIONS 
The development of irradiation in medicine can be ap- 
preciated by a glance at the organizations which have fostered 
and furthered the use of the new therapeutic agent. One of 
the earliest radiologic associations in the United States was 
the American Roentgen Ray Society . This was organized in 
1900 as the Roentgen Society of the United States for the 
purpose of the advancement of radiology and its maintenance 
as a specialty in medicine. The present name was adopted in 
1906. It was incorporated in 1922 in the District of Columbia 
and has a membership of about 461. The official monthly 
publication is now termed the “American Journal of Roentgen- 
ology and Radium Therapy,” because it has included the pub- 
lished work of the American Radium Society from 1922. 
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Roentgen Society in 1915. Its present name w r as assumed in 
1918. The membership is about 1,242, and the monthly pub- 
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The American Society for the Control of Cancer v’as 
started in 1913 and incorporated in 1922. The membership 
is about 2,000. It is an educational society, and its object is 
to collect, collate and disseminate information regarding mal- 
ignant disease. 

The American College of Radiology has been in existence 
since 19^3 This is an honorary organization which cor- 
relates the "work of the other large societies. Prior to 1924, 
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radiologists met in the Section on Miscellaneous Topics at the 
annual meetings of the American Medical Association, but in 
that Year a Section on Radiology was established. 

Similar organizations grew up simultaneously throughout 
Europe. Many local societies also function in this country. 

These various societies have annual meetings at which 
radiologists gather and present advances in their special field, 
later to be published in the official journals. Then too the 
rapidly changing technic in both radiologic diagnosis and 
therapy is admirably summarized each year in the "Tear Book 
of Radiology ' by Kaplan and W aters. The editors collect and 
abstract the outstanding contributions in radiologic literature 
of the preceding year. 

The American Board o f Radiology which was formed in 
1924. certifies specialists in this field of work on the basis of 
their experience and ability and on the results of examinations 
given by the Board. Its work serves to protect the public 
and elevate the standards of radiolog}' as a specialty. 

Five International Congresses of Radiolog}' have been held 
in different parts of the world. Since radiolog}' plays such an 
important role in the treatment of cancer, radiologists have 
great interest also in the International Cancer Congress held 
ever}' few years. 

COMMENT 

In the struggle of medical science to overcome malignant 
disease, radium therapy plays an important but not exclusive 
role. Surgical procedures, eiectrosurgery. radium and roentgen 
therapy are necessary to conquer the complex of diseases 
grouped under the term “cancer." Every practicing physician 
should know that these four methods are the only scientifically 
proved means of treating cancer. In a recent survey, the 
American Society for the Control of Cancer found that in 
*0-000 proved cases of malignant disease five-year cures had 
been achieved by surgical procedures and irradiation. Since 
cancer starts as a local disease, the earlier irradiation therapy 
is instituted, the more effectively the disease can be treated. 
It metastasis and extension have occurred, palliation is all that 
can be one red. 
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As a final word, Wickham’s conclusions in the preface of 
the Wickham and Degrais textbook published in 1909 and 
1910 are still valid: 

“Radiumtherapy is indeed a very complex and delicate 
weapon to handle. Long and thorough personal experience is 
necessary, in order to turn it to the best account, to learn to 
distinguish accurately the cases for which it is most suitable, 
and to avoid injuring patients, either by badly proportioned 
doses or by depriving them of other therapeutic measures, 
which might prove more successful.” 
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Study and research have advanced our knowledge of 
physics and chemistry for the therapeutic radiologist, and in 
turn, he supplies his judgment, skill, care and energy in the 
art of medicine and surgery to obtain the ultimate purpose 
for which his endeavors have been put forth, that is, the resto- 
ration of his patient who has malignant disease to health or. 
at least, to a renewed hope. 

GENERAL CONSIDERATION 

Today, surgery, radium therapy and roentgen therapy are 
recognized as well-established procedures to employ in the 
treatment of patients who have malignant disease. Their 
range of application to meet the individual requirements of the 
case under consideration seems to be unlimited. They can be 
employed singly or in many combinations, and further, they 
can be employed as conservative or as radical methods. Their 
intensity, timing and spacing are appreciated in a measure, 
but are far from being well understood. 

A medical, surgical and laboratory stan with knowledge, 
judgment, skill and physical equipment is essential for the 
treatment whether designed for ;i cure' : or palliation in any 
given case of malignant disease. 

Briefly stated, for the present, sound treatment oj cancer is 
a combined , co-ordinated and co-opcrativc a pair . since it is 
impossible for any one person to master the various proced- 
ures, as well as own and manage the necessary physical equip- 
ment. Specialization and centers for treatment are essential 

sss 
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for good results and productive of research. At best, the 
aforementioned methods of treatment are a local, regional or 
partly general attack on the disease. There is no generally 
accepted method for the systemic treatment of malignant dis- 
ease. 

Definite rules cannot be formulated; however, the impor- 
tant factors are (1) the diagnosis with the estimation of the 
extent of the primary and secondary malignant lesions, (2) 
the type of treatment to be employed and (3) the results to be 
obtained. 

Our knowledge of malignant disease has advanced defi- 
nitely, both in extent and depth, and yet the causation of the 
disease is, in the main, unknown. Many data have accumu- 
lated to indicate that the disease has a focal point of origin, 
and with this consideration, the beginning or onset phase of 
the disease is, apparently, without signs or symptoms. How- 
ever, in lesions on the surface of the body or in body 
cavities suitable for endoscopic examination, the initial phase 
may be detected at an early stage. The focal point of origin 
may begin as such, or it may have its origin in an apparently 
simple or nonmalignant lesion, as a secondary or degenerative 
change. The latter is designated as a premalignant lesion. 

Little is known about the systemic changes which precede 
or follow the beginning of the focal point of origin. Theo- 
retically there must be some general phenomenon occurring 
within the patient who has malignant disease to establish, 
accelerate or retard the new growth. There is no accepted 
laboratory test for the determination of the presence or ab- 
sence of the substance or substances associated with the pos- 
sible systemic change or changes. One can support the patient 
in every possible way in order that she will well tolerate and 
recover from the procedure or procedures best suited for her 
individual care. 

THE DIAGNOSIS 

History. To avoid an involved presentation of this topic 

we can conclude that the causation of carcinoma of the uterine 
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cervix is unknown, and that in the average case diagnosis 
furnishes verv little difficulty to the clinician. One must not 
be misled by the duration of the signs; instead, one should 
accept the facts, rather than be influenced unduly by them. 

Show or Blood.— The show of blood in some form is the 
most common single sign. During the menstrual life of an 
individual, a slight irregularity from the genital tract usually 
does not startle the patient. It may recur from time to time, 
especially with trauma, for example, following sexual inter- 
course or taking a douche. Fear may enter in, however: the 
patients put off visiting their physicians, assuming that, since 
the show is slight, it should be quite trivial. As the months 
so by. the bleeding becomes greater and may be related, in 
part, to the menstrual flow, and again the assumption is that 
it cannot be serious. Finally, it becomes continuous and now 
other associated phenomena are present, probably odor and 
pain. Valuable time has been lost; the appearance of extra- 
menstrual bleeding or bleeding from the genital tract regardless 
of the occasion, the age of the patient, and so forth, should be 
considered an important due. and everything possible should 
be done to place the proper interpretation upon so important a 
sign. As the disease advances, the bleeding may become very 
severe and very difficult to control. Secondary anemia, usu- 
ally from a direct loss of blood, is the most common complica- 
tion observed in the group now presenting themselves for our 
consideration. 

Abnormal \ agixal Discharge. — The next sign of con- 
sequence would be a water y or mucous discharge varvisvg in 
character and amount. The functioning of the genital struc- 
tures does furnish, normally, a certain amount of secretion, 
especially beiore and after menstruation, and it seems difficult 
for the average patient to differentiate the normal from an ab- 
normal discharge. It seems reasonable to assume that the 
early lesions would not irritate the structures and thus provoke 
a discharge. As the growth advances, especially if it is an 
adenocarcinoma, the functioning of the malignant parenchym- 
atous elements may furnish an excessive amount of mucous 
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for good results and productive of research. At best, the 
aforementioned methods of treatment are a local, regional or 
partly general attack on the disease. There is no generally 
accepted method for the systemic treatment of malignant dis- 
ease. 

Definite rules cannot be formulated; however, the impor- 
tant factors are (1) the diagnosis with the estimation of the 
extent of the primary and secondary malignant lesions, (2) 
the type of treatment to be employed and (3) the results to be 
obtained. 

Our knowledge of malignant disease has advanced defi- 
nitely, both in extent and depth, and yet the causation of the 
disease is, in the main, unknown. Many data have accumu- 
lated to indicate that the disease has a focal point of origin, 
and with this consideration, the beginning or onset phase of 
the disease is, apparently, without signs or symptoms. How- 
ever, in lesions on the surface of the body or in body 
cavities suitable for endoscopic examination, the initial phase 
ma} r be detected at an earl} 7 stage. The focal point of origin 
may begin as such, or it may have its origin in an apparently 
simple or nonmalignant lesion, as a secondary or degenerative 
change. The latter is designated as a premalignant lesion. 

Little is known about the systemic changes which precede 
or follow the beginning of the focal point of origin. Theo- 
retically there must be some general phenomenon occurring 
within the patient who has malignant disease to establish, 
accelerate or retard the new growth. There is no accepted 
laboratory test for the determination of the presence or ab- 
sence of the substance or substances associated with the pos- 
sible svstemic change or changes. One can support the patient 
in eyery possible way in order that she will well tolerate and 
recover from the procedure or procedures best suited for her 
individual care. 

the DIAGNOSIS 

History.— To avoid an involved presentation of this topic 
we can conclude that the causation of carcinoma of the uterine 
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Pain iron » Obstruction to the Flow oj Tissue Fluids.— The 
malignant and inflammatory infiltrations in the parametrium 
and pelvic lymphatics with resulting fixation of pelvic struc- 
tures and eventual obstruction to the flow of blood and lymph, 
result in varying degrees of edema of the vaginal walls, espe- 
cially the anterior, edema of one or both lower extremities, 
edema of the external genitalia, and so forth. The edema in 
the anterior vaginal wall may bring about various urinary 
complaints, especially a ^slowing up' : of the emptying time of 
the urinary bladder. The enlargement of the lower part of 
the leg or legs does interfere with movements and does cripple 
the patient. Edema of the external genitalia, as a rule, does 
not occur singly and usually is a late manifestation. Difficult 
urination and “burning” are complaints. 

Pain jrom Obstruction to the Flow oj Urine. — As the pri- 
mary lesion advances and the secondary deposits occur and 
enlarge, the function of the urinary bladder and rectum will be 
disturbed. The obstruction to the flow of urine may bring 
about three separate complications, each with a train of symp- 
toms and signs. Probably the most common site of obstruction 
is in the region of the base of the bladder. There may be an 
actual anatomic obstruction, or the walls of the structures may 
be involved, causing physiologic obstruction. The ureters may 
he involved, bringing about various degrees of hydronephrosis 
or pyonephrosis. The trigon may be infiltrated as well as the 
mucous membrane of the bladder wall, resulting in Nrcnarv 
retention and cystitis. Infiltration of the anterior vaginal wall 
may bring about distention oj the bladder and cystitis on 
account of urinary retention. As a rule, the diagnostic signs 
and symptoms of injury to the urinary system are minimal; 
therefore, any patient with apparently tririal urinarv com- 
plaints should be subjected to a comprehensive investigation of 
the genito-urinary system, especially if the plan is to apply 
adequate treatment for clinical recoverv, 

Lrgcncy, frequency , dysuria and nocturia are common. 
The results of simple urinalysis may be negative, and if the 
symptoms warrant a further urinary study, a catheterized 
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discharge. The colloid carcinoma, a rare type of cervical 
lesion, does furnish, after it has reached a fair size, an inordi- 
nate amount of thick, clear mucus. As soon as secondary 
infection becomes a complicating factor, depending upon the 
amount and virulence of the infection, a vaginal discharge may 
be a resulting phenomenon. Naturally, as the lesion advances, 
necrosis enters in, and then there are many factors, both normal 
and abnormal, to bring about and maintain a serosanguineous 
odorous vaginal discharge typical of the average stage 3 lesion 
encountered today. The foul , fetid odor of advanced car- 
cinoma is so typical that there is little room for its misin- 
terpretation. 

Pain. — The pain associated with cervical carcinoma is 
typical and may be grouped under two headings: (1) obstruc- 
tive type, and (2) nerve or neurogenic type. The obstructive 
type is, no doubt, the earliest variety encountered, and may 
be subdivided as follows: (a) obstruction to the flow of secre- 
tions or discharges; ( b ) obstruction to the flow of blood and 
lymph; (c) obstruction to the flow of urine, and (d) obstruc- 
tion to the flow of intestinal contents. 

Pain from Obstruction to the Flow of Secretions or Dis- 
charges. — The infiltrating lesions of the supravaginal portion 
may cause a functional or an anatomic block to the flow of 
the glandular secretions from the uterus. An accumulation 
of this secretion in the uterine cavity, with or without secon- 
dary infection, brings about or stimulates uterine contraction, 
and when the latter is sufficiently severe, the patient complains 
of a characteristic “labor” or “menstrual” pain or discomfort. 
Some describe it as a “pressure pain” or “bearing-down pain” 
low in the abdomen. Some patients may admit the sudden 
passage of a varying amount of vaginal discharge usually with 
odor and then they will be relieved of the distress until a 
time has elapsed sufficient for the uterine cavity to fill again . 
This type of complaint may be interpreted as the result of 
coexisting hydrometritis or pyometritis. The obstructive type 
of pain is classic for the carcinomatous involvement of the 
supravaginal portion. 
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on the nerve trunks, causing actual pressure atrophy. (2) the 
factor of obstruction to the flow of blood and lymph to the 
nerve elements and (3) actual infiltration or involvement of 
the nerve structures with malignant cells, that is. within the 
nerve sheath. The typical pain is described as a “dull ache- 
occurring low in the back, usually unilateral and referred down 
the leg on the same side. Usually it is worse at night and may 
disturb the patient's sleep. A neurologic examination may 
elirit the actual distribution or involvement of the nerves. 

Palpation.^ — A good history is most valuable in that the 
examining physician can visualize the probable extent of pelvic 
involvement arid then proceed with the palpation to elicit the 
amount of structural involvement. A routine procedure is of 
definite value. For example, one should begin by palpating the 
inguinal regions for enlargement oi the inguinal nodes. When 
involved, they may indicate a probable primary carcinoma of 
the uterine fundus with late involvement of the cervix, or pelvic 
involvement from an extrapelvic malignant lesion, or a primary 
carcinoma of the external genitalia or genito-urinary system. 
Secondary deposits low in the vaginal tract may metastasize to 
the inguinal lymph nodes. Careful palpation of the external 
genitalia, and especially of the hymenal region, is necessary to 
rale out secondary deposits, since this ring may be infiltrated. 
As the examining finger is inserted slowly in the vagina, one 
should palpate all vaginal walls tor secondary' malignant de- 
posits. and finally, carefully palpate the extent oi cervical infil- 
tration and regional infiltration of the vaginal wall. Great 
care should be exercised when palpating the cervical infiltration 
in the presence of vaginal bleeding and especially so with a 
history oi hemorrhage and a resulting secondary anemia. 

A bimanual vagino-abdominal and recto-abdominal exam- 
ination should be done in a very gentle manner; otherwise, 
one's efforts trill be met by resistance upon the part of the 
patient, and unnecessary trauma may occur. The turner in 
the vagina is held gently against the cervical infiltration. The 
band upon the abdomen should press very gently with the 
fingers wide open, tan-like, on the abdomen. Palpation should 
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specimen should be obtained- A simple cystoscopic examina- 
tion may be very informative. It may disclose deformity of 
the wall of the bladder from extravesical pressure, or edema 
of the vesical mucosa. There may be actual ulceration or 
secondary involvement of the vesical mucosa. Biopsy of the 
vesical lesion should be made when these findings are present. 
This finding may^ indicate the presence of a potential or actual 
vesicovaginal fistula. Further observation may elicit the pres- 
ence of an irregular or scanty discharge of urine from one of 
the ureteral meatuses, indicating rather clearly an obstruction 
to the urinary flow in the presence of unilateral hydroneph- 
rosis. An intravenous urogram should be the next considera- 
tion. A blood urea determination is the most valuable single 
laboratory test for patients who have given a history of urinary 
distress, and yet in the presence of extensive renal damage, 
the blood urea may not be abnormally high. The obstruction 
to the flow of urine from the ureters and the urethra may be 
functional or anatomic. 

Pain from Interjerence with jttovement of Intestinal Con- 
tents . — The rectal distress resulting from interference with the 
movement of the intestinal contents usually is described as 
“constipation” or difficulty in obtaining a satisfactory^ bowel 
movement. Some patients may complain of rectal pain at the 
time of evacuation. Some may need cathartics and enemas for 
relief. Seldom is there actual involvement of the intestinal 
mucosa. When this is present, a potential or actual recto- 
vaginal fistula is a complicating factor. The pelvic infiltration 
may press upon the bowel, limiting its lumen, or it may distort 
or further limit the normal slight movement or pi ay of the 
bowel. In some cases, the lumen of the bowel is reduced 
oTeatly by a perirectal infiltration, causing a rather severe ob- 
struction, and yet colostomy seldom is done for relief, since a 
low residue diet and mild saline cathartics and oil enemas may 
suffice. A proctoscopic examination should be considered in 
all cases in which there are rectal complaints. 

Neurogenic Pain.— The neurogenic type of pain may be 
due to several factors, for example (1) the factor of pressure 
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features. The ordinary examining or operating table top is 
quite sufficient The knees and the chest should be on the 
same plane. The thighs must be perpendicular to the table 
top. The patient is draped with two small sheets or one large 
sheet with a suitable slit in the mid area. The position can 
be assumed without exposure that will embarrass the patient. 

As the patient becomes accustomed to the procedure, she can 
maintain the position with little or no enort on her park h ith 
a Sims' speculum and some type oi direct light, ample exposure 
or the cervix and the regional vaginal walls is obtained. The 
physician is in a comfortable position for the task of careful 
inspection of the vagina. 

The ex aminin g physician gently retracts part of the vulva 
with his left hand. This separation of the external genitalia 
permits air to enter the vagina, and. at the same time, distends 
the vaginal walls to their capacity. The lubricated speculum 
is inserted easily. The perineal body is lifted upward gently. 
The trauma associated with the other positions just mentioned 
is avoided definitely. The secretions and blood clots can be 
removed carefully and the genuine character of the primary 
and secondary lesions determined at will. The cervical canal 
in the moderately advanced or advanced cases usually can be 
identified with a uterine sound. A satisfactory area of the 
malignant involvement can be selected for the removal of 
suitable or representative material for microscopic study. 

The recognition of the small or early lesion is a problem. 
The very early lesion may be without signs or symptoms ; how- 
ever. a routine physical examination or the so-called yearly 
examination, including a satisfactory exposure of the vaginal 
cavity, may find the lesion before the patient is aware of its 
presence. In order to diagnose early tuberculosis of the lune 
a routine roentgenogram of the chest is made. Workers in the 
field of diagnosis have proved definitely that this method will 
detect the early phases of tuberculosis before signs or symp- 
toms develop. A similar principle applies to the detection oi 
carcinoma of the uterine cervix. Therefore, let the examining 
physician carefully inspect the vaginal cavity of even' female 
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begin high up above the umbilicus, and gradually proceed 
downward to the lower abdominal quadrants. The size, posi- 
tion and contour of the uterus should be determined, or at 
least, an impression of the findings should be recorded. A 
bimanual recto-abdominal palpation should supplement the 
vagino-abdominal examination, for this is the best procedure 
to confirm one’s previous findings and to elicit the region of 
cervical infiltration, the size and position of the uterus, the 
extent of infiltration of the broad ligament and fixation of the 
pelvic structures. An extra-uterine mass may indicate a pri- 
mary ovarian carcinoma secondarily involving the uterus. For 
advanced carcinoma of the cervix, one should palpate the pilot 
node area in the right or left cervical region for infiltration of 
fymph nodes. 

Inspection. — There are several approved methods of vis- 
ualizing a cervical lesion: (1) the dorsal position, (2) the 
Sims’ position and (3) the knee-chest position. The dorsal 
position is the customaty one employed by the examining 
physician, since inspection usually follows the bimanual vaginal 
and rectal examination. It is less demanding upon the patient 
in that she does not have to rearrange herself or assist much 
in the maintenance of this position. However, the examining 
physician may be placed in an awkward position, in order to 
see the involvement of the cervical and vaginal wall adequately. 
Bleeding ma}^ obscure the field and at times difficulty is expe- 
rienced in removing the blood clots in order to inspect the 
cervical lesion adequately. Also, trauma may be produced by 
the bill of the speculum. 

The Sims 9 position has a very limited place; however, it is 
of value in examining very weak patients, for example, patients 
who have spent much time in bed. Markedly obese patients or 
crippled patients may be able to assume and maintain only 
this position. 

The knee-chcst position is the most satisfying position yet 
devised, for all concerned, regardless of the purpose intended 
\ few words of instruction to the patient will assist greatly in 
obtainin' 7 her co-operation. There are certain important 
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Primary Carcinoma of the Uterine Carpus with Secondary 
Involvement oj Cervix.— Given a patient in the middle or late 
fifties Mho has a history of vaginal bleeding, bimanual palpa- 
tion reveals the uterus to be anterior in position, movable and 
-ligbtlv enlarged for patients of that age- Inspection in the 
knee-chest position shows the margins of the external os to be 
irregular and slightly protruding. There is a definite loss of 
tissue in the canal of the lower uterine segment. The uterine 
cavitv can be sounded. The uterine canal is irregular and 
nodular. Xo matter how gently the uterine sound is passed 
there will be bleeding from the uterine cavity. W ith the sound 
in the uterine cavity, the amount of uterine infiltration or 
weight of the uterus can be judged to be greatly increased, by 
attempting to lift the uterus with the uterine sound together 
with the characteristic firm. hard, irregular uterine wall. The 
primary lesion is a primary carcinoma of the uterine corpus 
with secondary involvement of the cervix. 

Primary Ovarian Carcinoma Secondarily Involving the 
Uterine Cervix. — There are two main considerations here. 
The first is the finding of an enlarged ovary regardless of size, 
and the second is a biopsy. The histologic type of cell may 
indicate that the lesion is probably not a primary cervical car- 
cinoma. The gross appearance alone of this secondary' lesion 
will not establish the true diagnosis. 

Primary Carcinoma oj the Vaginal Wall with Secondary 
Involvement oj the Uterine Cervix . — The most reliable single 
procedure to establish the differential diagnosis is the knee- 
chest position, previously mentioned. One should try to locate 
the cervix: since it is a fibromuscular structure, it will resist, 
to a great extent, invasion by the adjacent malignant process. 
In some cases one may locate the cervical canal with its charac- 
teristic normal anatomic resistance when a uterine sound is in- 
troduced. For a normal uterus, the sounding of the region of 
the internal os will elicit pain, menstrual in character, indicat- 
ing rather clearly that the uterine structure is probably not the 
site oi the primary lesion. 

So far. only malignant lesions have been mentioned in the 
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patient, and especially so if she has borne children or had any 
mechanical manipulation done on the cervix and is in or around 
the menopausal age. 

Biopsy . — The biopsy is done for two reasons: (1) to 
confirm the clinical diagnosis, and (2) to estimate the grade of 
malignant change. With the patient in the knee-chest position, 
speculum and proper lighting, a site can be selected. The field 
from which a specimen is taken for biopsy should be free of 
necrosis and exudation. The eversed or denuded surface usu- 
ally furnishes material; when studied microscopically, a speci- 
men from this site usually gives a high percentage of positive 
reports. A bit of tissue removed with a tracheal biopsy 
instrument is quite sufficient. There is very little, if any, risk 
attached to this procedure. 

To sum up, the history is very important. Careful palpa- 
tion and bimanual vaginal and rectal examination are essential. 
The knee-chest position gives the most adequate exposure. 
The biopsy is done to confirm the clinical diagnosis and for 
estimating the grade of malignant change. 

THE DIFFERENTIAL DIAGNOSIS 

Owing to the extent of the malignant disease, in some cases 
the primary site of the disease may be disguised. There are 
three main primarj^ malignant diseases that may cloud the 
picture or diagnosis and must be kept in mind from the stand- 
point of differential diagnosis. The most common is probably 
primary carcinoma of the uterine body w r ith eventual involve- 
ment of the lower uterine segment. The second would be 
primary carcinoma of the ovary with secondary involvement 
of the uterus. The third lesion for our consideration is pri- 
mary carcinoma of the vaginal wall in the adjacent cervical 
regions. 

Space will not permit a complete evaluation of this topic. 
However, briefly stated, it may have some importance. In- 
spection of the vaginal cavity with the patient in the knee-chest 
position is the most simple procedure to furnish the important 
leads to separate these primary and secondary lesions. 
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Primary Carcinoma oj the Uterine Corpus with Secondary 
Involvement oj Cervix.— Given a patient in the middle or late 
fifties who has a history of vaginal bleeding, bimanual palpa- 
tion reveals the uterus to be anterior in position, movable and 
slightly enlarged for patients of that age. Inspection in the 
knee-chest position shows the margins of the external os to be 
irregular and slightly protruding. There is a definite loss of 
tissue in the canal of the lower uterine segment. The uterine 
cavity can be sounded. The uterine canal is irregular and 
nodular. No matter how gently the uterine sound is passed 
there will be bleeding from the uterine cavity. W ith the sound 
in the uterine cavity, the amount of uterine infiltration or 
weight of the uterus can be judged to be greatly increased, by 
attempting to lift the uterus with the uterine sound together 
with the characteristic firm. hard, irregular uterine wall. The 
primary lesion is a primary carcinoma of the uterine corpus 
with secondary' involvement of the cervix. 

Primary Ovarian Carcinoma Secondarily Involving the 
Uterine Cervix. — There are two main considerations here. 
The first is the finding of an enlarged ovary regardless of size, 
and the second is a biopsy. The histologic type of cell may 
indicate that the lesion is probably not a primary cervical car- 
cinoma. The gross appearance alone of this secondary lesion 
will not establish the true diagnosis. 

Primary Carcinoma oj the Vaginal Wall with Secondary 
Involvement oj the Uterine Cervix. — The most reliable single 
procedure to establish the differential diagnosis is the knee- 
chest position, previously mentioned. One should try to locate 
the cervix: since it is a fibromuscular structure, it will resist, 
to a great extent, invasion by the adjacent malignant process. 
In some cases one may locate the cervical canal with its charac- 
teristic normal anatomic resistance when a uterine sound is in- 
troduced. For a normal uterus, the sounding; of the region of 
the internal os will elicit pain, menstrual in character, indicat- 
ing rather dearly that the uterine structure is probably not the 
site ot the primary lesion. 

So far. only malignant lesions have been mentioned in the 
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ditierential diagnosis. The average condition for diagnosis 
today is tie classic stage 5 lesion, and there is no inflammatory 
or nonmalignant lesion of this extent that could be confused 
vrith or mistaken for an epithelioma of the uterine cervix. The 
importance of the differential diagnosis is to classify the case 
properly- in order that the proper treatment may be outlined 
and applied. A mistaken diagnosis may lead to the treatment 
of a secondary lesion and to failure to discover the primary 
lesion. 

ANATOMY 

An exact knowledge of the anatomy- of the female genera- 
tive organs is essential from the standpoint of diagnosis and 
radiologic treatment of carcinoma of the uterine cervix. 

The normal uterus is about 7.5 cm. long, 5 cm. broad and 
2.5 cm. thick. The divisions are the fundus, body and neck. 
The fundus is above a line joining the two openings of the 
fallopian tubes at the cornua. The neck or cervix includes 
2.5 cm. of the lower portion of the uterus. It is subdivided 
into the portio vaginalis , that part protruding into the vagina 
and the portio supravaginalis, that part immediately above the 
vagina. Between the neck and the fundus is the body . The 
cavity of the uterus is small. The opening through the cervix 
is the cervical canal; it opens into the vagina by the external 
os and into the uterus by the internal os. The cervical canal 
is narrowed at both the external os and the internal os so that 
a sound passes with difficulty into the uterine cavity. The 
uterus is most firmly fixed to the vagina and its upper portion 
is most movable. It lies between the bladder anteriorly and 
intestines and rectum posteriorly. It is in contact with the 
bladder, no intestines intervening. Normally it inclines ante- 
riorly'. There are additional attachments of the uterus to the 
surrounding parts. The utcrovcsical fold is an anterior reflec- 
tion of the peritoneum from the uterus at the level of the 
internal os to the bladder. Posteriorly the peritoneum descends 
from the uterus over the posterior surface of the upper portion 
of the vagina for 1 or 2 cm. and thence onto the rectum, form- 
ic the rectovaginal fold. Three ligaments are on each side 
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of the uterus. The broad ligament is the largest and most 
important, forming a diaphragm which extends from one side 
of the pelvis directly across to the other side of the pelvis. The 
pelvic attachments are very wide. Between the layers the 
fallopian tubes., the ovarian and uterine vessels, and the lym- 
phatics, the ureters and the round ligaments are found. 

The ot'orv is about 4 cm. long. 2 cm. wide and 1 cm. thick 
and is connected with the posterior surface of the broad liga- 
ment. It lies longitudinally or obliquely against the outer wall 
of the pelvis with the ureter just behind and below its posterior 
edge. 

The vagina is about 7.5 cm. long. At the vulvar onset the 
lumen is small and in the mid and deep portions the lumen is 
large. Its capacity for dilatation is limited by the bony pelvic 
walls. Anteriorly its upper portion is in relation with the 
bladder and its lower portion is in relation with the urethra. 
Posteriorly, its upper 1 or 2 cm. is in front of the peritoneum 
and below lies the rectum. Laterally, the ureters are dose 
to the vagina and about half way up they empty into the 
bladder. 

The pelvic portion of the ureter is about IQ cm. long and 
follows the wall of the pelvis downward just posterior to the 
ovary. Xear the floor of the pelvis, it bends forward to pass 
through the base of the broad ligament (parametrium) . It is 
about 1.5 to 2 cm. outside the cervix, and inclines inward and 
forward along the sides of the anterior vaginal wall to enter 
the bladder. 

The uterine artery , a branch of the internal iliac artery, 
passes almost horizontally inward toward the lower portion of 
the cervix. Approaching the cervix, it gives off a cervico- 
vaginal branch which passes to the upper part of the vagina, 
inclines upward, reaching the side of the uterus at its junction 
with the vagina, and continues upward to the cornu above. 

The cervix has three sets of lymphatics: (l) A set passes 
outward and upward along the side of the pelvis anterior to 
the ureter to empty into the nodes along the iliac artery. (2) 
A set passes backward behind the ureter to empty into' a node 
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on the anterior division of the internal iliac artery. (3) A set 
passes from tie posterior surface of tie cervix almost directly 
backward in the uterosacral ligament to empty (a) into the 
lateral sacral nodes high up in the hollow of the sacrum and 
(b) to empty into tie nodes of the promontory- 2 

HISTOLOGY 

Stratified squamous epithelium covers the vaginal face of 
the cervix. Occasional!}' about 1 cm. from tie external os the 
opening of a gland ma}^ be found. The investing layer differs 
from skin in that there are no hornified layer , no hair follicles,, 
no sebaceous glands or sweat glands and no zone of pigmented 
cells. 

The cervical canal is lined with a single layer of thin, high, 
columnar epithelial cells. There is an abrupt termination at 
the level of the external os and internal os. However, the 
layer may extend beyond those borders. There is no cervical 
stroma. There are numerous large complex racemose glands 
which dip into these fibromuscular bundles; they are lined 
with high, columnar epithelial cells/' 

GROSS PATHOLOGY 

Our experience concerns chiefly the stage 3 and 4 car- 
cinoma of the uterine cervix. In 1839 Herbert Mayo described 
these extensive lesions as follows: 

“The os uteri is liable to scirrhus; or the texture of the 
cervix or entire womb may become of cartilaginous hardness; 
after which ulceration commences at the cervix, leading to 
.... destruction .... The ulceration spreading, destroys the 
cervix uteri, and extends into both the bladder and rectum/’ 
And further: “Medullary sarcoma of the uterus is more 
frequent than scirrhus: it generally commences at the cervix 
uteri, a soft fungus growing from which is often for a time the 
whole extent of the disease. Afterwards the vagina and 
bladder become involved/’ 2 

His personal knowledge of carcinoma of the uterine cervix 
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recorded then coincides with our observations of today: how- 
ever. my impression leads me to conclude that the infiltrating 
(scirrhous) type of lesion predominates. Briefly stated, there 
are two accepted types: (1) the medullary (exerting) type 
and (2) the in fill rating (inversing) type. Microscopically 
hish grade epitheliomatous lesions predominate. The minority 
are made up of low grade lesions, usually adenocarcinoma. 

TKEATMEirr 

Dr. W. J. Mayo stated that pathology is the foundation of 
scientific medicine. Without a correct understanding of the 
nature of disease the practice of medicine as a science would 
not be possible. Postmortem pathology represents terminal 
conditions and is very valuable for teaching purposes; while 
living pathoVogy deals with disease in the living, when the 
condition is still curable, or a restoration to the normal or 
physiologic condition can be brought about by appropriate 
therapeutic measures, and to this end the art of medicine is 
directed. Further. "Surgical investigation, like Hunter's 
pathology, was based upon the macroscopic evidence of dis- 
ease. The surgeon exposed the parts to sight and. after 
making his examination, proceeded as appearances seemed to 
indicate." 4 

The Role of Irradiation. — These fundamental principles 
should guide the therapeutic radiologist and especially the 
radium therapist in the treatment of carcinoma of the lower 
uterine segment. Radium therapy has its widest range of 
application when employed as a surgical procedure. The most 
effective method of treating malignant disease of the uterus is 
through the surgical approach. 

Today . the direction of the therapeutic efforts in cases of 
carcinoma of the uterine cervix chiefly concerns the therapeutic 
radiologist. Surgical management has a minor role to play 
and yet a very important one. The average patient who has 
carcinoma of the uterine cervix, presenting herself for con- 
sideration. is in the typical stage 3 involvement. More than 
90 per cent of all patients coming to the Section on Radium 
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Therapy at the clinic are in the advanced or unfavorable group, 
and therefore, beyond hope for any type of radical surgical 
intervention. However, with care and judgment in their treat- 
ment with radium therapy and roentgen therapy, all patients 
can be benefited, and a surprising number of them will survive 
for five years and beyond. The morbidity and mortality rates 
associated with the treatment are extremely small. The con- 
valescence of the patients is rather prompt and the hospitaliza- 
tion is minimal, a worth-while achievement, when one considers 
the potential illness attending the average patient. From an 
economic standpoint, alone, irradiation therapy has much to 
offer to the patient and all concerned. 

Technic and Results of Irradiation. — The technic and 
results have been described, 1 however briefly stated. The 
radium treatment is an intense, broken-dose method, judi- 
ciously controlled to meet the individual needs of the patient. 
The time required is about three weeks for the radium therapy 
and one week for the following supplemental roentgen therapy. 
The systemic effects from the radium therapy are minimal and 
seldom require any special treatment. The intra-uterine appli- 
cation of radium does bring on some general reaction such as 
anorexia, nausea and, in some cases, vomiting; as a rule, the 
reaction is transitory and responds to simple measures. The 
morbidity and mortality rates are very low. The latter is 
1.0 per cent. A careful follow-up should be made for the first 
year or two and every year after the third year. 

Exteyit oj the Lesion , — All patients are examined and 
treated in the knee-chest position as previously described. The 
first consideration should be the extent of the primary and 
secondary lesions. A classification of cases based on anatomic 
location and extent is fundamental. The stage of the lesion is 
a very suitable term with numbers indicating the degree of 
involvement. For example, a stage 1 lesion is small, limited 
or characterized by early involvement. A stage 2 lesion has 
extended moderately beyond the primary site. A stage 3 lesion 
has a wide local extension with fixation, and a stage 4 lesion is 
characterized by extreme local involvement with wide fixation 
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and probable or apparent metastasis elsewhere. In terms of 
an older interpretation, the words, early, borderline, late, hope- 
less, would correspond to the numerals 1 to 4. 

Temporal Relation of the Radiologic Therapy to Surgery . 
—The treatment could be classified according to its temporal 
relation to the surgical intervention, for example, (1) P re ' 
operative, (2) postoperative, (3) at operation and (4) non- 
operative. The intensity of the procedure could be stated as 
conservative or radical, and further, the radium therapy at 
least, could be subdivided into (1) complete, (2) limited, (3) 
prophylactic, and (4) abandoned. A complete treatment is 
characterized by apparently sufficient local treatment, and at 
the same time, is well distributed in the involved structure. A 
limited treatment is designed for palliation only. A prophyl- 
actic treatment is, as a rule, a postoperative procedure, follow- 
ing radical surgical intervention. The abandoned treatment 
indicates that any of the former types was discontinued or 
stopped for any reason whatsoever. 

Results . — Some patients respond promptly to treatment 
and the condition remains arrested for many years. Other 
patients will respond in a similar manner, but the efiect of 
treatment will not stop, and as time passes, radionecrosis or a 
slowly healing ulcer will occur. Some patients have a slow or 
tedious postirradiation convalescence on partial or inadequate 
treatment and yet will survive for five years and beyond. Some 
patients will obtain a perfect local result but after ten years 
and beyond, painful conditions due to regional metastatic gland 
masses will develop. In a relative!}' small number of cases 
"'dual” carcinomas or unrelated malignant lesions will develop. 
These few examples will indicate that there is a definite sys- 
temic phenomenon in the behavior of the patients to the dis- 
ease, as well as the treatment supplied. The majority of the 
favorable responses to well-planned treatment are satisfactory; 
howe\ er, one must anticipate irregularities occurring. 

Theoretically, then, if these lesions are dealt with thor- 
oughlv and adequately in the early or beginning stage, the 
chance for cure is great,, and naturally, if the lesions are treated 
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in the late or advanced phases of the disease, palliation is about 
all that can be expected. 


SUMMARY AND CONCLUSIONS 


Today, surgical treatment, radium therapy and roentgen 
therapy are the best procedures to employ in the treatment 
of carcinoma of the uterine cervix, either singly or in com- 
bination. This is equally true for adequate treatment of the 
primary and secondary lesions, as well as the treatment of the 
initial and late associated complications as they arise. 

Most carcinomas of the uterine cervix seen today for treat- 
ment are in the advanced or inoperable group; therefore, irra- 
diation is the best procedure for the primary and secondary 
lesions, and further irradiation or surgical treatment for the 
initial and late associated complications. 

The diagnosis is another simple procedure which includes 
the history, palpation, bimanual recto-abdominal palpation, 
inspection and biopsy. The differential diagnosis is more tedi- 
ous, since not every carcinoma occurring in the region of the 
lower uterine segment and vaginal vaults is a primary car- 
cinoma of the uterine cervix. 

Surgical procedures and the allied radium therapeutic pro- 
cedures for carcinoma of the uterine cervix, regardless of stage 
of involvement, are the most effective when they can be em- 
ployed adequately and judiciously and, therefore, should be 
the first treatment considered followed by supplemental roent- 


gen therapy. 

The medical profession, or better still a professional stall, 
should co-operate and co-ordinate completely, in order to ob- 
tain the utmost from their experience and physical equipment 
for the best interests of the patient. Their judgment and skill 
based upon their knowledge and experience will be reflected 
in the immediate results and the late or five-year and beyond 


^VheTducation of both the medical profession and the laity 
in the recognition of signs and symptoms of malignant disease 
d better still of fundamental pathology will advance our 
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knowledge oi carcinoma oi the uterine cervix, and it is hoped 
that for "the future, more applicants for treatment will be seen 
earlier in the disease, and if possible, at the very onset of the 
malignant change. 

The foil caving conclusions may be drawn: 

1. One should not fail to make the proper diagnosis of 
carcinoma of the uterine cervix. Failure in this regard may 
cost the life of the patient. 

2. One should select the proper therapeutic procedures to 
meet the individual requirements of the patient. Surgical 
treatment, radium therapy and roentgen therapy in combina- 
tion should be recommended. 

3. A careful follow-up system is necessary, since some of 
the early secondary legions are symptomless in onset. Cau- 
tious treatment will prolong the period of palliation. 

4. The outlook for the patient who has carcinoma of the 
uterine cervix is increasingly hopeful, and especially so, if 
education of the medical profession and lay people will awaken 
their eagerness to have the condition diagnosed when the lesion 
is confined to the lower uterine segment. Patients who have 
stage 1 and 2 lesions have the best chance for survival. 

5. We are primarily physicians and. therefore, must accept 
the responsibility of doing the utmost at all times for the safety, 
care and restoration to health of a patient who has carcinoma 
of the uterine cervix, regardless of the extent of the involve- 
ment. Evidently, the patient whose condition is apparently 
hopeless has. nevertheless, a chance for recovery. 
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RADIUM THERAPY FOR CARCINOMA OF THE FEMALE 
GENITALIA 

Robert E. Fricke 


In this presentation, discussion of treatment of carcinoma 
oi the uterine cervix will be omitted. Carcinoma of the cervix 
is a major problem, best handled by radium therapy, and is 
discussed elsewhere in this symposium. 

Carcinomas of the ovary, tube, body of the uterus, vagina 
and vulva present difficult therapeutic problems. In the 
fortunate instances in which diagnosis can be established early 
and in which the general condition of the patient is favorable ? 
radical surgical operation followed by irradiation is the treat- 
ment of choice. 

CARCINOMA OF THE OVARIES AND FALLOPIAN TUBES 

Malignancy- in these situations constitutes a £; silent" type 
of disease. That is to say, unless routine pelvic examination 
discloses a mass in the region of the adnexae, usually there is 
no indication oi serious trouble until widespread extension of 
the disease has occurred. 

There are many forms of solid and cystic tumors of the 
ovary, both unilateral and bilateral. The majority'' of these 
tumors are benign, although malignant degeneration may even- 
tuate. Malignant ovarian tumors usually are bilateral. All 
the malignant tumors tend to grow*, and often perforate sur- 
rounding structures and metastasize. Common sites of ?netas- 
fasts are the uterine fundus, cervix and vaginal walls. Direct 
extension may involve the urinary bladder or the rectum. 
Prognosis varies tremendously when a primary malignant 
lesion or a metastatic lesion is encountered. Consider the dif- 
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ference in “curability” between a primary carcinoma of the 
breast, for instance, and a tumor of the brain which has metas- 
tasized from the carcinoma in the breast. The tendency of 
the ovarian carcinoma to metastasize always must be remem- 
bered. In such a circumstance a skilled pathologist can furnish 
the greatest aid to the radiologist. In many instances a speci- 
men for biopsy can be taken from an apparent primary car- 
cinoma of the cervix or vaginal w T all. The well-trained 
pathologist can grade the tumor and report it as a tumor which 
probably^ metastasized from an ovarian tumor. Such a pro- 
cedure in such a circumstance undoubtedly Tvould alter the 
plan of treatment and change the prognosis. 

Surgeons have found that whenever excision of ovarian 
carcinoma is possible, radical extirpation of the pelvic organs 
is demanded. In the early years of gynecologic surgery, simple 
ablation of the ovaries for small malignant growths was often 
followed by the appearance of cancer in the bocfy of the uterus. 
Conservative removal of the body 0 f the uterus might be fol- 
lowed by malignant growth in the cervical stump or in the 
Vaginal walls. 

Today, the preferred treatment of ovarian or tubal malig- 
nant processes is radical surgical extirpation of the pelvic 
organs when possible, followed by precautionary irradiation. 
Ten days or two weeks after the operation, when all skin 
sutures have been removed and healing is well started, radium 
treatment is administered. This consists of two or three 
Vaginal applications of radium, one a day, the number of treat- 
ments depending on the size of the vaginal cavity. In each 
application the radium occupies a different situation; in one 
application it is placed transversely across the vaginal vault; 
in one it is placed along the right vaginal wall and in one it is 
placed along the left vaginal wall. The applicator used is 
fairly bulky and carries its own protection. Following the 
radium treatment, roentgen ray therapy is instituted Four to 
six fields around the pelvis are selected, depending on the size 
of the patient, and one field per day is irradiated. 

After surgical dismissal, the patient is instructed to return 
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in three months for careful examination. At the first revisit 
the course of roentgen ray therapy usually is repeated, but 
further radium treatment is not given unless definite evidence 
of carcinoma is found. 

Since most ovarian carcinomas are of a high grade and 
since recurrence is fairly common, careful follow-up of each 
patient is essential. Re-examination of the pelvis at definite 
intervals is the only way in which recurrence in the incipient 
stage can be detected. 

Thus, although radical surgical treatment and postopera- 
tive irradiation oner considerable hope of cure in early lesions, 
the cases in which such procedures have obtained favorable 
results are all too few. In the majority of cases, diagnosis is 
made late, when the condition is inoperable. Cure is rare, but 
vwLv&bte pbikwtiow is possible, of attainment through employ- 
ment of intelligent methods of irradiation. 

In fine, treatment consists of intravaginal applications of 
radium and the use of roentgen ray therapy. With the patient 
in the knee-chest position, the vaginal cavity is ballooned out 
with air so that the vaginal walls can be carefully studied. In 
many cases radium can be placed within the uterine fundus and 
cervix as well as in the vaginal cavity. Tolerance of the 
vaginal mucosa to irradiation is limited, so that vaginal treat- 
ments must be applied to difierent areas, and areas not requir- 
ing treatment must be adequately protected. 

In one recent instance a patient presented herself in a 
rather typical late stage of the disease. A competent surgeon 
had removed an adenocarcinoma of the ovarw Six months 
later rectal bleeding and discharge had occurred. Proctoscopic 
examination disclosed an adenocarcinoma which involved the 
upper part of the rectum. Colostomy was done and explora- 
tion revealed several peritoneal implants of the neoplasm with 
fixation of the body of the uterus to one of these implants. 
The condition vras inoperable. In this case, radium treatment 
was applied intrarectallv as well as intravaginally. and with 
the addition of roentgen ray therapy, considerable palliation 
or reduction of the growth may be expected. 
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To summarize briefly, then, the prognosis in carcinoma oi 
the ovary and tube is grave. Chances of cure in early instances 
of the condition by means of radical surgical intervention and 
postoperative irradiation are bright. Surgeons realize that any 
adnexal tumor, when the patient is at an age of forty years or 
more, should be excised because of the serious potentialities 
of such a tumor. In the majority of cases in which the con- 
dition is diagnosed late in its course, irradiation therapy offers 
valuable palliation and prolongation of life. 

CARCINOMA OF THE UTERINE CERVIX 

Carcinoma of the uterine cervix presents aspects entirely 
different from those of carcinoma of the fundus of the same 
organ, and treatment of the two lesions also is dissimilar. 

It is interesting to consider that cancer arising in different 
regions of the same organ presents such radically diverse 
features. Carcinoma of the uterine cervix is often described 
as “a disease of the menopause.” The average age of the 
patient in a large series of cases was forty-nine years. Exam- 
ination of removed tissue under the microscope will demon- 
strate epithelioma in the majority of such cases, and the lesions 
will be of a high grade (grade 3 or 4) in about SO per cent of 
cases. Extension of the growth is rapid, and invasion of the 
contiguous portions of the bladder and rectum occurs. Meta- 
stasis is common. Metastasis to lymph nodes in the broad 
ligaments occurs early and produces compression of the ureters 
with eventual uremia. Distant metastasis also may occur, es- 
pecially to lungs and to bone. 

Experience of the past forty years of the development of 
irradiation therapy has shown that radium and roentgen rays 
skillfully applied produce more cures of carcinoma of the 
cervix than does radical surgical treatment. If surgical inter- 
vention is chosen, only radical extirpation of all pelvic organs 
has any chance of producing a cure. The operative risk is 
high and the demands on the skill of the surgeon are consider- 
able. Irradiation therapy entails practically neither risk ( 1 or 
2 per cent at most) nor selection of cases. It can be expected 
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that even widespread and probably hopeless conditions may be 
benefited bv limited irradiation treatment. 

CARCINOMA OF THE UTERINE FUNDUS 
Carcinoma of the uterine fundus presents a picture totalh 
different from that just described. The average age of^ the 
patient who has carcinoma of the uterine fundus is about 
seven years. Tissue from the lesion on microscopic examina- 
tion is adenocarcinoma* ous instead of cpithdiomatous* and in 
most cases the tumor is of grade 1 or 2. Malignant changes 
occurring in the endometrium are encased within a bulky, 
muscular, uterine body. Extension through the body of the 
uterus is a slow process and metastasis is late. 

In carcinoma of the body of the uterus, however, the best 
therapeutic approach is that of surgical intervention unless ex- 
tension through the body of the structure and fixation have 
occurred. More conservative surgical measures may well be 
successful. Encasement of the growth within fibromuscular 
uterine walls and its low grade of malignancy favor surgical 
extirpation as the most hopeful form of attack. Usually, a post- 
menopausal disease, slight vaginal bleeding and discharge com- 
pel attention to the condition. Diagnosis by curettement can 
be established at an early stage. 

Total abdominal hysterectomy, followed by the intra- 
vaginal application of radium and roentgen ray therapy, oners 
a favorable outlook tor cure in early stages of carcinoma of 
the fundus when the general condition of the patient is good. 
The tact that the disease is found among women of a later 
age group than that in which cervical cancer is found precludes 
surgical intervention for many patients. In a large percentage 
of instances obesity and the presence of other constitutional 
disorders such as diabetes mellitus, hypertension, myocardial 
degeneration and so forth present serious surgical hazards. For 
this rather large group of patients irradiation presents little 
risk and offers a substantial hope of cure. 

Tcchuc oj Treatment H'itk Radium.— The technic of treat- 
ment is tedious and the treatment itself must be thorough. 2 
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The objective is to secure homogeneous irradiation throughout 
the entire uterine and cervical canals, reinforced by treatment 
within the vaginal cavity. To accomplish this, tubes contain- 
ing radon are placed in tandem in brass sounds. Following 
diagnostic curettement, the cervix is still dilated and introduc- 
tion of these sounds is not difficult. At the first treatment, with 
the patient in the knee-chest position, the brass sound gener- 
ally is introduced through the cervix to the depth of the uterine 
cavity. The retaining copper wire is wound in gauze packing 
and left in the vagina. Following a substantial dose in the 
deepest portion of the uterus, the second application is made 
to the depth of the uterine cavity and then the brass sound is 
withdrawn about 2 to 3 cm. and is left in place, so that a more 
proximal portion of the endometrium is irradiated. The num- 
ber of applications in the uterine cavity depends on the size oi 
the body of the uterus and the depth of the canal Usually, 
two or three applications of the intra-uterine tandem suffice. 
Although the radiologist is working in the dark, so to speak, in 
treating in a closed cavity a cancer which cannot be visualized 
or delimited, adequate irradiation nevertheless can be admin- 
istered by the method just described. Some overlapping of the 
treatment is inevitable , but is advantageous. Following the 
intra-uterine applications, deep cervical and vaginal treatments 
are administered, to be followed by roentgen-ray therapy. 

Results . — The relative five-year survival rate based on the 
number of patients who have been operated on or who have 
undergone irradiation, or who have been treated by a com- 
bination of these methods, ranges from 55 to 75 per cent for 
patients who have had the combined method and about 50 per 
cent for those who have had irradiation alone. Patients in 
these two groups are not comparable, however, because the 
group which received irradiation only is composed of , usually, 
older patients who had more advanced lesions. Some clinics 
prefer to employ irradiation preoperatively and others favor 
the use of irradiation postoperatively. 
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CARCINOMA OF THE VAGINA 

In carcinoma of the vagina the outlook is far more serious 
than that for carcinoma of the uterine fundus. Primary car- 
cinoma of the vagina is rare, most malignant processes in this 
situation being metastatic. The lesion is usually epithelioma 
of grade 3 or -V. The cancer spreads rapidly by extension and 
soon involves the uterine cervix. Metastasis to deep lumbar and 
iliac lymph nodes occurs early. 

Radium treatment usually is limited and is designed for 
palliation only. Plaques of radon tubes are placed against 
the spreading growth in the vaginal wall and. when the cervix 
is involved, treatment also is applied as it is for primary car- 
cinoma of the cervix. Xeedles or radon seeds often are useful 
in the treatment of extensive infiltrating lesions of the vaginal 
wall. However, the vaginal wall tolerates irradiation poorly 
and careful protection of normal mucosa is always essential. 
Much scarring and contraction follow treatment. The first 
course of treatment should be as thorough as possible because 
contracture markedly limits subsequent therapy. 

CARCINOMA OF THE VULVA 

Carcinoma of the vulva fortunately is rare. It has been 
said that this lesion constitutes 4 per cent of all cancers of the 
genital organs in the female patient. It usually involves the 
labia minora and the prepuce of the clitoris, and is found 
among elderly patients. 3 It arises on the basis of kraurosis 
vulvae or leukoplakic vulvitis. These atrophic changes in the 
integument are not helped by radium therapy. Leukoplakia is 
very resistant to treatment. When carcinoma has appeared, 
radical surgical treatment is the most hopeful method of ap- 
proach. and it should include extirpation of the inguinal lymph 
nodes. In the presence of extensive inoperable neoplasms 
treatment with radium may shrink the growth markedly and 
diminish discharge and bleeding. 1 The entire vulval and in- 
guinal areas are irradiated with radium from a distance. In 
smaller lesions of the vulva, plaques of radium tubes mav be 
directly applied. The ultimate prognosis in any event is poor, 
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although In man}?" instances extension of the growth is slow and 
treatment with radium may produce improvement for a long 
period. 

MALIGNANCY OF TUMORS OF GENITAL ORGANS ACCORDING TO 
PARTICULAR SITUATIONS 

Carcinoma oj the Uterine Fundus . — If a patient were des- 
tined to have a malignant tumor somewhere in the generative 
tract and could be permitted to select the particular organ to 
be involved, she certainly would be wise to choose the uterine 
fundus. She could thus enjoy about ten more years of normal 
healthy life than would be the case if she had chosen carcinoma 
of the cervix. The menopause would have passed by the time 
such a lesion arose. This hypothetic patient would have to be 
fastidious and intelligent to note and to be sufficiently con- 
cerned by the onset of a slight vaginal discharge, whether or 
not it was accompanied by a slight spotting of blood. She 
would have to be alarmed sufficiently to consult her family 
physician, and her fate thereafter would depend entirely on 
his skill and judgment. If results of the pelvic examination 
were essentially negative and if the cervix appeared normal on 
inspection, the physician would have to demand immediate 
diagnostic curettement. With the diagnosis fully established 
by this procedure, immediate surgical intervention and irra- 
diation could accomplish a cure in the majority of instances. 

Carcinoma of the Uterine Cervix . — If this hypothetic patient 
were allowed a second choice for situation of a malignant lesion 
of the genital organs, the uterine cervix would not be a bad 
selection. Such a decision would be based solely on the im- 
pressive advance of irradiation therapy during the past thirty 
years. Another factor in the choice of carcinoma of the uterine 
cervix is the increasing ability of diagnosticians to consider and 
recognize the disease while it is in a fairly early stage. 

Carcinoma of the Ovaries or Fallopian Tubes . — The most 
hopeless malignant process for the hypothetic patient to choose 
would be carcinoma of the ovaries or fallopian tubes. Because 
of the silent nature of the lesion in these two situations, often 
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only conservative surgical intervention and irradiation for pal- 
liative purposes can be considered. 

HALIGKAKCY OF AKD PROGNOSIS FOR TUMORS OF THE 
GENITAL ORGANS IK GENERAL 

In all malignant tumors of the genital tract among women. 
carlv diagnosis and immediate treatment offer the only hopes 
for cure. The family physician who constantly keeps the pos- 
sibility of cancer in mind and is thorough!}' conversant with 
the early symptoms and signs of cancer is best able to save a 
critical situation. Either skilled surgical treatment or irra- 
diation is indicated; or a combination of these methods may 
be used. Cancer is a complex problem and demands all avail- 
able defenses. The “tumor clinic" or the group of physicians 
which offers both surgical and radiologic consultation and col- 
laboration probably administers the best treatment to date. 
Each patient who has a malignant disease presents a different 
problem, and must be studied carefully and the treatment for 
her must be planned and individualized. The more care and 
painstaking the effort, the greater the reward in palliation and 
even cure. 

CONCLUSIONS 

The outlook for cure in cancer of the female genitalia is 
definitely brighter than it was even two or three decades ago. 
Improvement in surgical technic and the development of 
therapeutic radiolog}' have definitely offered substantial hope. 
This year, the reported census of the American College of Sur- 
geons listed 36.07S people as being alive up to 1940 in this 
country alone after haring been cured of malignant lesions of 
all parts of the body. All had microscopically proved lesions 
and no evidence of malignancy could be discovered after a 
five-year period. This figure compares with the figure of 
20.000 persom who were alive, after haring been cured of 
cancer, in the census of 1931. The more recent figure repre- 
sents a truly remarkable therapeutic accomplishment, and with 
continued efforts the diagnosis of cancer will cease to imply a 
death sentence to the average patient. 
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ADVANCES IN THE TREATMENT OF CARCINOMA OF 
THE RECTUM 

Harry H. Bowing and Claude F. Dixon 


The history of medicine is one of progress. Carcinoma of 
the rectum has rightfully claimed its share of the ad\ ancing 
knowledge of malignant neoplastic diseases of the anus, rectum 
and sigmoid colon. Improvement in diagnosis, treatment and 
prognosis advances, as a rule, very' slowly: but it pushes 
steadily onward. It is hardly consistent with the brevity at 
which we are aiming, to enter at length into the subject. We 
have drawn heavily on the chapter on malignant neoplasms of 
the rectum and anus in "Practical Proctology 15 by Buie . 6 

The responsibility of early diagnosis of malignant lesions 
oi the rectum and anus rests with the physician in general 
practice, since patients who have such lesions seldom seek aid 
from the specialist. Usually, ointments or suppositories have 
been purchased from the druggist, or some form of home treat- 
ment has been applied. The rectum is a common site of 
cancer. Miles said. "It is a curious fact that cancer affects 
the extreme ends of the alimentary tract more often than any 
other part oi it. It has been estimated that of all alimentary 
canal cancers one-third occur in the oral cavity, less than a 
third in the esophagus, stomach, small intestine, and large 
intestine put together, and rather more than a third in the 
rectum." 

INCIDENCE, LOCATION AND TYPE OF RECTAL CANCER 

It would be difficult to prove that cancer of the rectum is 
on the increase. The laity and the profession are alert to the 
probable presence of cancer and as a result more and more 
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patients are seen early in the course of the disease. However, 
the majority of patients are seen either in the borderline or 
inoperable stage of the disease. 

Buie reviewed the proctoscopic records of 2723 cases of 
malignancy of the rectum seen at the Mayo Clinic in the 
decade 1925 to 1934. Sixty-five per cent of the patients were 
males and 35 per cent were females. Eightymine per cent 
were more than forty years of age. The average age was fifty- 
five years. Seven patients were less than twenty years of age. 
One of every nine patients was less than forty years of age and, 
furthermore, one of every forty patients was less than thirty 
years old. Eighty-seven per cent of the patients had noticed 
the passage of blood and in 66 per cent of the cases pain was 
a permanent feature. 

In the study of a large series of cases, certain findings 
naturally^ can be classed as avoidable delays . For example, 
521 cases surgical operations had been performed for condi- 
tions that could be considered alien to the malignant lesion. 
Furthermore, in 1073 cases the patients had been attended by 
physicians before they registered at the Clinic, and in 784 cases 
attention probably had been received when the patients had 
symptoms that were caused by the malignant lesions. “Every 
cause for failure to make the proper diagnosis in cases of 
rectal carcinoma should be sought out so that all possible 
means can be employed to reduce the error,” c 

The duration of the chicj complaint or illness was less than 
one y 7 ear in 61 per cent, and illness was less than six months 
in approximately 7 75 per cent, of the cases. 

Proctoscopic examination showed that the lesion was in 
the rectum, rectosigmoid, or sigmoid colon in 93 per cent of 
the cases, and in the anus in 7 per cent of the cases. Some 
of the anal lesions were secondary 7 to a rectal growth. A fur- 
ther subdivision was made. In 60 per cent of cases the lesions 
were in the upper half of the rectum: in 33 per cent of the 
cases they were in the lower part of the rectum and anus, and 
in 7 per cent of cases they were in the rectosigmoid or in the 

sigmoid colon. 
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Data are also presented to show the relation of the lesion 
to the circumference of the bowel. Thirty-nine per cent of the 
lesions were annular. 23 per cent were limited to the lateral 
wall. 21 per cent were limited to the anterior wall, and 16 per 
cent were limited to the posterior walk 

Miles said; “It may be inferred that, in the ampulla of 
the rectum at all events, the involvement of the circumference 
of the bowel is a comparatively slow process, and that by the 
time three -fourths of the circumference has been involved the 
growth has been in existence for about eighteen months. The 
extent, therefore, of the circumferential involvement may be 
taken as an index of the duration of the lesions/’ 10 In com- 
menting on this statement Buie said: “If this belief is borne 
out, it will be found that in this series, more than a third of 
the growths had existed for more than eighteen months prior 
to the time that the patients were admitted to the clinic. ... It 
is further evidence of the probability that carcinoma of the 
rectum may become extensive before the patient becomes 
aware of it." G 

Some degree of interference with the passage of feces was 
noted in 5S per cent of the cases. The amount of obstruction 
was graded 1 to A. In 45 per cent of these cases the obstruction 
was grade 1. in 39 per cent of the cases it was grade 2, in 15 
per cent of cases it was grade 3. and in 1 per cent of cases it 
was grade 4. The size of the lesions was tabulated. Thev 
were small, that is. 3 cm. or less in diameter in 5 per cent of 
the cases; they were of moderate size, that is 3 to 6 cm. in 
diameter, in 19 per cent of cases: they were large, more than 
6 cm. in diameter, in 65 per cent of cases, and they were huge, 
that is. they could not be outlined and usually formed part of 
an extensive fixed pelvic mass, in 11 per cent of cases. The 
mobility of the lesions was studied: in 32 per cent of cases 
the lesions were movable, in 33 per cent of cases they were 
attached or had limited motion, and in 34 per cent of the cases 
they were fixed. 

The type of lesion is of interest and biopsy is a routine 
procedure at the Clinic. Adenocarcinomas were found in 94 
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per cent of the cases, epitheliomas were found in 3 per cent, 
colloid carcinomas were found in 1 per cent, melano-epitheli- 
omas were found in 1 per cent, and lymphosarcomas were 
found in 1 per cent. 

The grade oj malignancy, according to Broders nietho , 
was as follows: grade 1 in 45 per cent, grade 2 in o9 per cent, 
grade 3 in 15 per cent, and grade 4 in 1 per cent of cases. In 
84 per cent of the cases the grade of malignancy was rather 
low, that is, 1 or 2, but in 16 per cent of cases the grade o 
malignancy was 3 or 4. 

Buie also said that “The average patient who comes to we 
Mayo Clinic with a rectal carcinoma is a man, about fifty- \ e 
years of age, who has been sick for eight to ten months. His 
illness usually has been characterized by rectal Meedmg, ® 
sense of incomplete evacuation, and discharges of 00 - 
mucus instead of feces. His discomfort usually is rat 
scure but is more noticeable ‘up inside’ the rectum and in w 
lower part of the abdomen. The growth is found m the upp 
half of the rectum and often is annular and large. It is a mo 
always an adenocarcinoma of grade 1 or 2, and pro nce= 
moderate degree of obstruction.” Some degree of obs ruct 
was noted in 5S per cent of the cases. In 78 per cent o 
cases the lesions were estimated to be large growths in 
per cent of the cases the growths were adherent or fixed. 


PATHOLOGIC CHANGES 

From the standpoint of therapy, the gross characteristic? 
of carcinomas of the rectum are important. According 
Miles, all carcinomas of the rectum are adenocarcinomas Du 
thev are classified clinically into three groups: (1) PJP*' 
[iferous carcinomas, (2) adenoid carcinomas, and (3, coiio.d 

“ T T^/ffi/ccoT’carcinoma resembles a simple papilloma 
* fJ The base of the lesion penetrates the musev laris 
Flg ‘ Trreeular proliferation of the epithelial elements 

Occurs The growth is exuberant and the neoplasm fills the 

lumen of the bowel. 
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An adenoid carcinoma is a sessile growth that infiltrates 
the mucosa and submucosa. It grows in all directions and soon 
infiltrates the muscular layer. It is prone to undergo ulcera- 
tion and readily involves the lymph nodes (Fig. 6S) . 

A conoid carcinoma represents a mucoid degenerative 
change in the epithelial elements and the connective tissue of 
a papilliferous or adenoid carcinoma. 


c c * 



Fir 67 — : Papilkieroxia Granorna oi the rectum imolvtus: the anterior 
rectal wall ot a temale patient, sagittal section ihouiu^ the rectal venous sys- 
tem arid portal \ein 

Adenomas may undergo a malignant change. These 
tumors are of trro types: (II pcdichd or sessile adenomas, and 
(21 villous adenomas. Pedicled or sessile adenomas have soft, 
fine lobulations and are devoid of induration. A villous 
adenoma is a soft exuberant tumor that feels like a mass of 
redundant mucous membrane. The borders ate difficult to 
outline by palpation. 

The Spread of Malignant Disease of the Rectum. 

This is very important According to Miles, 1 " the spread may 
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occur in any of three distinct ways: (1) by direct extension 
through continuity of tissue; (2) by way of the venous system , 
and (3) by means of the lymphatic system . The direct spread 
may take place on the mucous surface of the bowel progres- 
sively from its entire margin and through the thickness of the 
bowel wall. The rectal veins belong to the portal system (Fig 
67). Cancer cells may penetrate into the interior of small 
veins, become detached and be carried straight to the li\er. 



jrjg 6s Adenoid carcinoma and ulceration in\ oh mg the posterior recta 

Avail of a male patient, sagittal section showing ljmphaUcs of the rectum an 
zones of spread of the lesion. 


The malignant embolism usually is situated in the middle of 

the right lobe. . 

The lymphatic system is infinitely most important m ttie 

spread of' cancer cell's. There are three groups of lymphatics: 
Intramural, intermediary, and extramural. The intramural 
lymphatics are contained in the wall of the rectum in two net- 
-L One network is in the submucous tissue and the other 
l between the muscular layers The networks communicate 
freeh’ bv means of short radial channels. The intermediary 



ADVANCES IN TREATMENT OE CARCINOMA OF RECTUM 921 

system consists of a subserous network of lymphatics in the 
portion of the rectum covered by peritoneum and a lymph 
sinus situated between the external muscular coat and the 
perirectal fat in that part of the rectum devoid of a peritoneal 
investment. The extramural lymphatic system is the most 
important and may be considered in three divisions which are 
intercommunicating. The structures in the zone of downward 
spread are the perianal skin, the ischiorectal fat and the ex- 
ternal sphincter muscle. The structures in the zone of lateral 
spread are the levator ani muscles, the coccygei muscles, the 
pelvic peritoneum, the prostate gland, the base of the bladder, 
the uterine cervix, the base of the left broad ligament, and the 
internal iliac lymph nodes. The structures in the zone of 
upward spread are the retrorectal lymph nodes, the pelvic 
mesocolon, the paracolic lymph nodes, the lymph nodes at 
the bifurcation of the left common iliac artery, and the median 
lumbar (aortic) lymph nodes. The majority of the different 
lymphatics of the intramural system pass through or terminate 
in this zone. It is therefore the zone of the principal paths by 
whicb spread from the primary growth occurs. Regardless of 
an early stage of development. Miles found metastases scat- 
tered throughout this zone in practically all cases (Fig. 6S). 

ETIOLOGY 

Robertson 10 said that most students of cancer "'have thus 
been forced to regard the disease as due to some intrinsic 
derangement of the growth mechanism of certain cells of the 
body, whereby these cells themselves attain such independence 
of reproduction that they assume some of the characters of 
a parasite or in fact become real parasites. The nature or 
cause of this change in the cells is at present almost wholly 

unknown Cancer then does not come from -stimulation of 

growth.’ as is so frequently asserted, but because the normal 
mechanism for governing orderly growth is disturbed. This 
mechanism must be inhibitory.” 

W . J. Mayo 1, said: ‘‘Chronic irritation, whether the result 
of mechanical, chemical, or infectious agencies, is the most 
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important of all these precancerous conditions with which we 
are acquainted and it is undoubtedly the most potent influence 
in the development of the disease following congenital lesions 
and trauma.” 

C. H. Mayo 10 said: “The essentials of cancer are uncon- 
trolled hyperplasia developed in repair types of nucleated cells; 
• • • (it) grows most favorably in acid fields.” He also said that 
nearly a third of the cancers that affect man are found in 
situations where acidity is constant and high, for example, in 
the stomach. The uterine cervix, urinary bladder and mouth 
come in contact with acid secretions but the reaction of the 
contents of the small intestine is alkaline. Of 1882 cancers 
of the intestinal tract for which operation was performed at 
the clinic between 1897 and 1913, only twenty-two were found 
in the small intestine. 

Precancerous Polyp Formation. — Buie expressed the 
opinion that “it is justifiable to support the hypothesis that 
malignant growths of the colon often develop from polypoid 
lesions which either give no evidence of malignancy at the 
outset or possess early the mildest evidence of malignant 
change. That adenomatous polyps, of whatever type or dimen- 
sion, should be dealt with as precancerous growths, does not 
admit of denial.” 

Robertson 20 said: “Most cancers of the colon begin as 
polypoid growths of the mucosa. The smaller ones and those 
wdth a long pedicle have the epithelium arranged in an orderly, 
normal manner. Sooner or later, particularly early in the 
sessile types, certain epithelial cells begin to proliferate more 
rapidly, the chromatin of their nuclei becomes denser and more 

irregularly distributed Mitotic figures increase in number” 

Gradually more and more gland groups are involved and the 
arowth of cells breaks through the basement membrane and 
begins to invade the stroma of the mucosa and submucosa. 
Then the growth is a cancer. 

We have reviewed the work of Fitzgibbon and Rankin 11 
on polvps of the large bowel. They classified the polyps in 
three major groups based on characteristic structural varia- 
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tion* Each group not only presents pathologic unity, but 
follows a definite predictable clinical course The po jps o 
group 1 ate nodular pedunculated tumors. The epitheliu 




Frc — Artist's attempt to visualize the gross characteristics oi the three 

groups oi polyps described by Fitzgibbon and Rankin. 

the surface and crypts remains entirely normal. Polyps of 
"roup 2 are invariably pedunculated, they may be small pea- 
sized or large egg-sized tumors or they may be flattened 
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button-sized sessile tumors. The tug of the epithelial pro- 
liferation and peristaltic action on the muscularis mucosae and 
the areolar tissues of the submucosa form a rudimentary stalk 
that eventually results in a tree-like formation. This group 
embraces most of the polyps found in the large intestine. There 
is no sharp line of separation between the polyps of groups 2 
and 3. The potyps of group j start in an overgrowth of 
glandular tubules in the mucosa; the tubules enlarge and 
elongate. They may^ occur in the trough and on the crest oi 
the mucosal folds. They may attain the size of a split pea. 
There is no organoid formation. The elementary epithelium 
proliferates so rapidly that the nodule approaches cancerous 
change before enlargement occurs. Cells of these epithelial 
complexes cannot be distinguished morphologically from those 
seen in outright carcinoma. The artist has attempted to visual- 
ize the gross characteristics of the three groups of polyps 
(Fig. 69). 

The polyps of group 1 are benign, those of group 2 tend 
inevitably to undergo malignant change, and those of group 
3 are immediate precancerous formations. Fitzgibbon and 
Rankin said that it is an “extremely plausible contention that 
the histogenesis of carcinoma of the colon is mediated through 
precancerous polyp formation and not otherwise. ” 11 

Since adenocarcinomas predominate in the terminal part of 
the colon, some authors claim that all carcinomas of the rectum 
originate in the crypts or glands of Lieberkiihn. Buie said: 
“Their origin is supposed to be owing to a power which they 
possess to produce either secretory? or protective epithelium. 
Such power resides in the regenerative cells of glandular 
epithelium,” c 

DIAGNOSIS 

The history, digital and endoscopic examinations and 
biopsy are essential in the diagnosis and management of cancer 
of the rectum. Buie said: “With the exception of menstrua- 
tion there is no instance in which discharge of blood from a 
hidden viscus mav not mean trouble.” This complaint de- 
serves the utmost and painstaking consideration. The digital 
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examination determines the site of the neoplasm. As a rule, 
the presence of a characteristic carcinomatous infiltration in 
the lesion assures the examiner of the presence of cancer. A 
malignant lesion is not painful on palpation, except when the 
downward spread involves the dentate area or when tire lesion 
primarilv involves the anus. The proctoscopic examination 
determines the gross visual characteristics of the lesion, its 
size and mobility, the extent of local infiltration, tire distance 
from the anal margin and the extent of involvement. A repre- 
sentative bit of tissue is removed for microscopic study and 
grading of the malignancy. Careful inspection of the procto- 
scopic field for a malignant neoplasm reveals that the lesion is 
usually single, the edges are circumscribed, and the mucosal 
margins are normal. As a rule, infiltrating lesions are asso- 
ciated with some degree of ulceration. The differential diag- 
nosis must rule out the presence of primary carcinoma of file 
ovary, uterus, adenomyomas of the endometrium or prostate 
gland as well as carcinoma of distant structures metastasizing 
to the pelvis. Papillomatous growths of the colon that have 
dropped into the rectum may simulate primary rectal car- 
cinoma. The general consideration of the patient is of great 
importance, especially when operation is planned. The age of 
the patient and the presence of obesity, arteriosclerosis, dis- 
ease of the lungs, heart and kidney add greatly to the risk of 
radical operation. 

Treatment 

The treatment of rectal carcinoma may be of two types: 
curative and palliative. The procedures employed are opera- 
tion. radium therapy, roentgen therapy, figuration and elec- 
trocoagulation. These procedures may be employed singly or 
in various combinations to meet the individual requirements of 
the case. The data presented clearly indicate that no one 
procedure or standardized method can be employed in all cases. 

SURGICAL MANAGEMENT 

The surgical procedures that are employed in cases of car- 
cinoma have been classified as follows by Miles: (1) excision 
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of the rectum undertaken from the perineum alone; (2) perin- 
eal resection; (3) resection through the vagina, and (4) 
combined abdominal and perineal excision, including the 
abdomino-anal operation and the radical abdominoperineal 
operation. The use of the first procedure is restricted to cases 
in which the lesion is situated in the lower part of the rectum 
or in the anus. Perineal resection includes resection of the 
bowel and an end-to-end anastomosis. Resection through the 
vagina is a restricted procedure, as is the abdominoperineal 
operation. 

In considering the criteria for operability MiIes IS said that 
uninvolved mucosa must be present above the growth, that one 
should be able to reach the growth with the examining finger 
and that the growth may be situated in any part of the rectum 
provided it is movable. Miles reported that the lesions were 
operable in 172, or 23.3 per cent, of 587 cases. He felt rather 
certain that this low rate would be the same in the experience 
of most surgeons of his country. He cited continental author- 
ities: Boas, found 19 per cent patients suitable for operation; 
Witzel, 25 per cent; Czerny, 71 per cent; Bergmann, SOper 
cent, and Eiselberg, 65 per cent. Priestley and one of us 
(Dixon 10 ) said that “the experience and ability of the surgeon 
and his familiarity with this field should influence the de- 
cision. In a discussion of carcinoma of the rectum one of us 
(Dixon 7 ) said that in 65 per cent of the cases of carcinoma 
of the rectum the lesion was found to be inoperable when the 
patients came to the Clinic. Broders' 3 study of the relation of 
the grade of the cancer to metastasis and prognosis has added 
much to our knowledge of malignant lesions. Broders found 
evidence of metastasis in 260, or 46.4 per cent, of 560 cases 
of carcinoma of the rectum. Metastasis was found in 26.3 
per cent of the eighty-two cases in which the lesion was grade 
1 in 44.1 per cent of the 290 cases in which the lesion was 
orade 2, in 56.2 per cent of the 137 cases in which the lesion 
was grade 3 and in 64.7 per cent of the fifty-one cases in which 

the lesion was grade 4. , 

One of us (Dixon) has said that the following operations 
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may be employed in cases of carcinoma of the rectum or recto- 
sigmoid: (1) local excision, (2) posterior resection and the 
formation of a sacral anus. (3) colostomy and posterior resec- 
tion (one ot two stages), (4) combined abdominoperineal 
resection in two stages, and (5) combined abdominoperineal 
resection in one stage, as advocated by Miles. 1 * Preoperative 
preparation of the patient has reduced the surgical risk. Three 
to five days of preoperative hospitalization is desirable. Seldom 
is there complete obstruction in cases ot rectal carcinoma, but 
some degree of obstruction usually exists. An efiort should be 
made to clean the bowel by mild saline cathartics and warm 
saline irrigations. The diet should be high in carbohydrates. 

A generous supply of fluids is desirable. If a pronounced 
anemia exists, one or two transfusions will add greatly to the 
patient s resistance. The value of vaccine in an attempt to 
prevent peritonitis following colonic operation has been con- 
sidered (Dixon 5 ), who said that in the past seven years more 
than 2500 intraperitoneal injections of vaccine have been ad- 
ministered at the Clinic as a preventive measure, and as a 
result the mortality from peritonitis following intestinal opera- 
tions has decreased 66 per cent. 

The selection of an anesthetic agent is ever important. A 
sacral block is satisfactory for perineal work. Spinal anes- 
thesia affords complete relaxation and ablation of peristalsis 
for several hours, it is a desirable anesthetic in cases in which 
pulmonary complications ate present or the patient is obese 
but it is less desirable in cases in which the patients are in the 
advanced years of life and have hyper tension, arteriosclerosis, 
and nervous instability. Inhalation anesthesia (nitrous oxide, 
ethylene, ether) is a fine method in many cases. 

Space does not permit a discussion of the actual operative 
technics . Briefly, all tumors of the colon are heavil\~ infected; 
therefore, handling of the growth must be reduced to a min- 
imum. Before mobilization of any lesion of the rectosigmoid 
or sigmoid colon, the left ureter should be identified. An ade- 
quate blood supply must be maintained. One should look for 
pulsations in the blood vessels supplying the affected segment 
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of the rectum undertaken from the perineum alone; (2) perin- 
eal resection; (3) resection through the vagina, and (4) 
combined abdominal and perineal excision, including the 
abdomino-anal operation and the radical abdominoperineal 
operation. The use of the first procedure is restricted to cases 
in which the lesion is situated in the lower part of the rectum 
or in the anus. Perineal resection includes resection of the 
bowel and an end-to-end anastomosis. Resection through the 
vagina is a restricted procedure, as is the abdominoperineal 
operation. 

In considering the criteria jor operability Miles ls said that 
uninvolved mucosa must be present above the growth, that one 
should be able to reach the growth with the examining finger 
and that the growth may be situated in any part of the rectum 
provided it is movable. Miles reported that the lesions were 
operable in 172, or 23.3 per cent, of 5S7 cases. He felt rather 
certain that this low rate would be the same in the experience 
of most surgeons of his country. He cited continental author- 
ities: Boas, found 19 per cent patients suitable for operation; 
Witzel, 25 per cent; Czerny, 71 per cent; Bergmann, SO per 
cent, and Eiselberg, 65 per cent. Priestley and one of us 
(Dixon 10 ) said that “the experience and ability^ of the surgeon 
and his familiarity with this field should influence the de- 
cision.” In a discussion of carcinoma of the rectum one of us 
(Dixon 7 ) said that in 65 per cent of the cases of carcinoma 
of the rectum the lesion was found to be inoperable when the 
patients came to the Clinic. Broders 7 J study of the relation of 
the grade of the cancer to metastasis and prognosis has added 
much to our knowledge of malignant lesions. Broders found 
evidence of metastasis in 260, or 46.4 per cent, of 560 cases 
of carcinoma of the rectum. Metastasis was found in 26.3 
per cent of the eighty-two cases in which the lesion was grade 
1, in 44.1 per cent of the 290 cases in which the lesion was 
grade 2, in 56.2 per cent of the 137 cases in which the lesion 
was grade 3 and in 64.7 per cent of the fifty-one cases in which 

the lesion was grade 4. ... 

One of us (Dixon) has said that the following operations 
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may be employed in cases of carcinoma of the rectum or recto- 
sigmoid: (1) local excision, (2) posterior resection and the 
formation of a sacral anus, (3) colostomy and posterior resec- 
tion (one or two stages). (4) combined abdominoperineal 
resection in two stages, and (5) combined abdominoperineal 
resection in one stage, as advocated by Miies. 1 ^ Preoperative 
preparation of the patient has reduced the surgical risk. Three 
to five days of preoperative hospitalization is desirable. Seldom 
is there complete obstruction in cases of rectal carcinoma, but 
some degree of obstruction usually exists. An effort should be 
made to dean the bowel by mild saline cathartics and warm 
saline irrigations. The diet should be high in carbohydrates. 

A generous supply of fluids is desirable. If a pronounced 
anemia exists, one or two transfusions will add greatly to the 
patient's resistance. The value of vaccine in an attempt to 
prevent peritonitis following colonic operation has been con- 
sidered (Dixon s ), who said that in the past seven years more 
than 2500 intraperitoneal injections of vaccine have been ad- 
ministered at the Clinic as a preventive measure, and as a 
result the mortality from peritonitis following intestinal opera- 
tions has decreased 66 per cent. 

The selection of an anesthetic agent is ever important. A 
sacral block is satisfactory" for perineal work. Spinal anes- 
thesia affords complete relaxation and ablation of peristalsis 
for several hours, it is a desirable anesthetic in cases in which 
pulmonary’ complications are present or the patient is obese 
but it is less desirable in cases in which the patients are in the 
advanced years of life and have hypertension, arteriosclerosis, 
and nervous instability. Inhalation anesthesia (nitrous oxide, 
ethylene, ether) is a fine method in many cases. 

Space does not permit a discussion of tire actual operative 
technics. Briefly, all tumors of the colon are heavily infected; 
therefore, handling of the growth must be reduced to a min- 
imum. Before mobilization of any lesion of the rectosigmoid 
or sigmoid colon, the left ureter should be identified. An ade- 
quate blood supply must be maintained. One should look for 
pulsations in the blood vessels supplying the affected segment 
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of bowel. Accurate peritonization of all raw surfaces is ini- 
portant . 10 

Postoperative treatment also is important. The abdomen 
must be kept quiet. Morphine may be used liberally* for the 
first forty-eight hours. No fluids should be given by mouth 
until gas has been expelled, which usually is at the end of 
forty-eight to sixty hours. The mouth should be kept moist 
and clean to prevent parotitis. One should maintain a fluid 
balance with hypodermodysis of a physiologic solution of 
sodium chloride and occasionally by the intravenous injection 
of 5 or 10 per cent solution of d-glucose. Transfusions of 
blood are of value in those cases in which the patients are 
having difficult postoperative days. Ileus usually responds 
to the use of hot stupes and the administration of posterior 
pituitary extract or phy^sostigmine. Enterostomy may be 
necessary in some cases. 

Most patients, when told that a permanent colonic stoma is 
essential, are completely^ demoralized. It was to be expected, 
eventually^, that surgeons would select patients with great care 
for colostomy. The radical combined abdominoperineal opera- 
tion removes all of the colon and rectum distal to the point 
where the colon is divided. This procedure requires a per- 
manent colonic stoma. If the surgeon explains carefully to the 
patients that an artificial anus can be cared for properly, 
through their co-operation and by^ the regulation of diet, they 
will accept colostomy^ with considerable resignation and co- 
operation. Fourteen per cent of rectal carcinomas occur in 
the region of the rectosigmoid. In the past five years, in the 
removal of lesions proximal to the rectosigmoid, one of us 
(Dixon) has performed an operation which preserves all or 
part of the rectum and does not require a permanent colonic 
stoma. An end-to-end anastomosis is done. 

The results of the surgical management of colonic car- 
cinoma have been described by one of us (Dixon), who re- 
ported 753 cases of carcinoma of the colon. In the 566 cases 
in which the lesion was in the left half of the colon or in the 
rectum, 270. or 47.7 per cent, of the patients were alive five 
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vears after operation. “The experiences of those who are 
treating colonic carcinoma seem to be ample justification or 
the optimism that prevails concerning its curability. Further- 
more. with constants improving methods of treatment, it has 
become possible to give relief to patients when the disease is 
in the stage which was formerly considered to be hopeless. 

radium therapy 

Radium therapy has a definite place in some cases of 
carcinoma of the rectum. Its use is indicated in the following 
groups of cases: (1) a selected group of cases in which the 
lesions are operable, namely, cases in which the patients refuse 
to undergo an operation or cases in which the patients are so 
old that an operation is not desirable; (2) cases in which the 
lesions are inoperable, and (3) cases in which the lesion has 
recurred after an operation. 

In the treatment of carcinomas of the rectum with radium, 
Gordon-Watson and Dukes 1 ' said that adenocarcinoma, al- 
though resistant, is not insensitive to radiation and that “with 
perhaps the exception of the oesophagus, no branch of radium 
therapy which is practiced today presents greater difficulty of 
access. Many other difficulties arise, especially with regard 
to uniform distribution, lymphatic spread, sepsis, bladder com- 
plications, and adequate observation of the progress of the 
case, and it is not surprising that some workers with much 
experience of radium have abandoned the pursuit and are 
content to write oh' carcinoma of the rectum as radioresistant/’ 
In the early years of radiation therapy at the Mayo Clinic, 
the extensive or inoperable and recurring lesions were treated. 
As a rule, palliation occurred and in some cases the duration 
of this effect was many years. In a few of these cases opera- 
tion was performed later and active carcinoma could not be 
demonstrated by microscopic study of the excised specimen. 
In nearly all cases the tendency to bleed, the frequent passage 
of mucous rectal discharges, the odor, and pain were greatlv 
reduced or disappeared entirely. Other complications, for ex- 
ample involvement of the bladder and vesicorectal fistulas. 
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were either avoided or delayed. In other words, the reduction 
in activity and size of the rectal carcinoma was of great value 
in the medical management of the patients. 

Very early in our experience we were of the opinion that 
cancer of the rectum was radiosensitive since the lesions are 
chiefly adenocarcinomas. MacCarty 14 had shown, by the 
histologic study of cancer of the breast, stomach and rectum, 
that differentiation , fibrosis y lymphocytic infiltration and hyal - 
hiization favorably influence the longevity of patients following 
surgical removal of the cancer. This study was further ampli- 
fied by MacCarty and Kehrer 15 in a report of 102 cases of 
cancer of the rectum. They said that “with all four factors 
present in combination, the average length of postoperative 
life is 196 per cent greater than if none of these factors are 
present/ 5 and further concluded that “it may be stated that 
from this series of observations, lymphocytic infiltration, cellu- 
lar differentiation, fibrosis and hyalinization seem to play a 
part in prolonging the postoperative length of life. 55 In 1925 
one of us (Bowing 2 ) reported forty-eight cases in which cancer 
of the rectum was treated by radium and operation. The 
intervals between radium therapy and operation varied from a 
few weeks to many months. The tumor tissue was sectioned 
and Broders estimated the presence and amount of lympho- 
cytic infiltration, cellular differentiation, fibrosis and hyalin- 
ization in the tissue that had been treated with radium. Briefly, 
the treated tissues not only contained all these factors but were 
found to contain in excess amounts those factors, which are 
related to longevity. The post-radium treatment life of this 
group of patients was slightly greater than the untreated 
group previously reported. Evidently these processes were 
stimulated or accelerated by the radium therapy. This finding 
furnished further encouragement to the radium therapist and 
to all concerned. 

The treatment may be discussed under three headings: 

(1) preoperative, (2) postoperative, and (3) nonoperative. 

Preoperative Treatment. — Today, we are convinced that 
the best method is to treat the patient from the standpoint of 
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a “cure” vrith radium and then allow a sufficient time between 
the application and the operation. At least two months, and 
probably three months or more, should be allowed to elapse 
before surgical intervention is instituted. In other words, the 
ultimate response to radium should be allowed to occur. Cases 
can be cited in which the site of the primary cancer was steril- 
ized and a conservative type of surgical intervention vras 
carried out. 7 * 10 

Postoperative Treatment. — This is a limited method of 
treatment. For immediate postoperative treatment the perin- 
eal wound can be left open or a drainage tube can be inserted 
for the introduction of the radium tubes. The universal tube 
that contains 50 mg. of radium sulfate (element), which is 
filtered, with 0.5 mm. silver and 1 mm. brass, is the applicator 
of choice. In cases of recurrent carcinoma the mass may be 
excised and radium needles may be introduced into the walls 
of the wound. Radon seeds also may be placed in the field 
of operation. In some cases of recurrent carcinoma a sinus 
may be present in the posterior wound. This may be curetted 
or enlarged and radium tubes may be introduced. In cases in 
which women have a recurring pelvis mass, it is usually pos- 
sible to apply the vaginal pack and radon seeds may be inserted 
into the sacral mass through the posterior and lateral vaginal 
walls. In some cases of very painful recurring lesions we have 
noted marked and lasting relief from pain. The discharge is 
favorably influenced and. by checking the local growth, in- 
volvement of the bladder may be arrested. 

In another group of cases in which the recurrent lesions 
are so extensive that further operation or the application of 
radium by the puncture method is contraindicated, large 
radium packs may be applied to the sacral and perineal fields. 
Four universal tubes, each containing 50 mg. of radium sulfate 
(element), which is filtered with 0.5 mm. of silver. 1 mm. of 
brass and the lead jacket, the wall of which is 2 mm. thick, are 
strapped on the surface of a balsa wood block. The thickness 
is :> cm. and the base measures about 8 cm. square. The time 
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of application is twenty hours for each field. The number of 
fields depends upon the extent of the recurrence. 

Parotitis 10 is a rather frequent complication in cases in 
which operations are performed on the colon. The treatment 
with radium has been rather satisfactory. As soon as the 
diagnosis is made the treatment should be applied. The tech- 
nic is as follows: The region of tenderness or infiltration is 
mapped out into squares measuring about 4 by 4 cm. To each 
square an applicator is applied for six to eight hours. The 
universal tube, which was previously described, and which 
contains 50 me. of radon, is strapped onto the surface of a 
balsa wood block, the thickness of which is 2.5 cm. and the 
base of which is 3 cm. square. The number of squares should 
be sufficient to cover the field of involvement and extend well 
beyond. From two to four blocks are applied at one time for 
a period of eight hours and the application is continued until 
all squares are covered. Following an interval of forty-eight 
hours, a noticeable reduction in the parotitis occurs, but if it 
does not occur following a suitable interval, a second series of 
applications should be employed. 

Nonoperative Treatment. — In most of the cases in which 
radium is employed the lesion is inoperable or there are exten- 
sive local lesions. Much palliation can be expected, as pre- 
viously mentioned. Gordon-Watson and Dukes 12 reported 
that inoperable lesions have been made operable. We can sub- 
stantiate this statement, as in some cases in w T hich inoperable 
lesions w’ere irradiated the patients later underwent an opera- 
tion and microscopic examination of the excised tissue did not 
show any evidence of active carcinoma. With the aid of the 
proctoscope, tubes are placed in the sinus of an annular lesion 
or on the surface of flat tabular infiltrations. In some of these 
cases colostomy was not performed. Instead, the patients were 
instructed regarding a diet that is low in residue and high in 
calories and vitamins. They were further instructed to irri- 
gate the rectum with warm saline solutions or a low oil enema 
at bedtime. When necessary, a small amount of liquid 
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petrolatum or a mild saline cathartic may be administered 
orally. 



Fic. 70. — Conservative radium treatment for an ulcerative adenoid carcinoma 
of the rectum; tubes are held in place with gauze packing. 

In cases of annular lesions in which colostomy has been 
performed, intensive radium therapy is used. The universal 
tube containing 50 mg. of radium sulfate (element) which is 



932 


HARRY H. BOWING, CLAUDE F. DIXON 


of application is twenty hours for each field. The number of 
fields depends upon the extent of the recurrence. 

Parotitis 10 is a rather frequent complication in cases in 
which operations are performed on the colon. The treatment 
with radium has been rather satisfactory. As soon as the 
diagnosis is made the treatment should be applied. The tech- 
nic is as follows: The region of tenderness or infiltration is 
mapped out into squares measuring about 4 by 4 cm. To each 
square an applicator is applied for six to eight hours. The 
universal tube, which was previously described, and which 
contains 50 me. of radon, is strapped onto the surface of a 
balsa wood block, the thickness of which is 2.5 cm. and the 
base of which is 3 cm. square. The number of squares should 
be sufficient to cover the field of involvement and extend well 
beyond. From two to four blocks are applied at one time for 
a period of eight hours and the application is continued until 
all squares are covered. Following an interval of forty-eight 
hours, a noticeable reduction in the parotitis occurs, but if it 
does not occur following a suitable interval, a second series of 
applications should be employed. 

Nonoperative Treatment. — In most of the cases in which 
radium is employed the lesion is inoperable or there are exten- 
sive local lesions. Much palliation can be expected, as pre- 
viously mentioned. Gordon-Watson and Dukes 12 reported 
that inoperable lesions have been made operable. We can sub- 
stantiate this statement, as in some cases in which inoperable 
lesions were irradiated the patients later underwent an opera- 
tion and microscopic examination of the excised tissue did not 
show’ any evidence of active carcinoma. With the aid of the 
proctoscope, tubes are placed in the sinus of an annular lesion 
or on the surface of flat tabular infiltrations. In some of these 
cases colostomy w'as not performed. Instead, the patients w*ere 
instructed regarding a diet that is low' in residue and high in 
calories and vitamins. They w'ere further instructed to irri- 
gate the rectum with w'arm saline solutions or a low' oil enema 
at bedtime. Wien necessary, a small amount of liquid 
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Conservative Method .— The radium applicators employed 
in the conservative method are the universal tubes containing 
radon or radium sulfate (element), which is filtered through 
0.5 nun. of silver. 1 mm. of brass, and 2 mm. of Para rubber. 
The amount in each tube may vary from 20 to 50 me. or mg. 
each. One or two tubes may be applied at one time (Fig. 70). 
The dose for each region varies from 40 to 90 me. or mg. hours 
per square centimeter. The number of regions to be treated 
depends upon the extent of the surface of the cancer. Two 
regions a day can be treated until the entire surface of the 
lesion has been covered. In the female patient vaginal packs 
are placed along the posterior vaginal wall in the region of the 
rectal infiltration. The vaginal applicator usually contains the 
universal tube of 50 mg. of radium sulfate (element), the 
walls of which are composed of 0.5 mm. of silver and 1 mm. 
of brass. This is placed in a lead jacket, the walls of which 
are 2 mm. thick; then the tube and the lead jacket are placed 
in a spool-like rubber jacket, the walls of which are 1 cm. 
thick. The time of one application is fourteen hours. From 
one to three or four applications are required, depending upon 
the size of the vaginal cavity and the region of rectal infiltra- 
tion to be covered. Treatment may be applied daily. This 
surface method can be applied with very little or no risk. All 
radium treatments in the rectum are applied with the patient 
inverted and with the aid of an endoscope. Gauze packing is 
used to hold the applicator in place and to protect as much as 
possible the uninvolved wall of the rectum and vagina. 

Radical Method . — In the radical method of radium 
therapy, various needles containing radium sulfate (element) 
or gold radon seeds are employed (Fig. 71). The tissues must 
naturally be punctured and this adds a definite 'risk. This 
method is decidedly more limited than is the conservative 
method previously described. 

Results . — Fricke and one of us (Bowing 4 ) reviewed 500 
cases of primary rectal carcinoma in which irradiation therapv 
was employed. The patients were treated earlv in our expe- 
rience, that is, from 1915 to 1931, inclusive. In more than half 
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filtered through brass and silver as previously 
placed in tandem position in the sinus until the 


described, is 
entire length 





Fjct 71 — Pa pilhferous carcinoma of the middle portion and loner portion 
of the rectum being treated b\ the radical radium method, the lesion m the 
middle portion is being treated nith interstitial gold radon c ced^ and the lesion 
m the loner portion is being treated vuth platinum indium needle^ containing 
1 mg radium sulfate (element) 

of the lesion is treated; ten to fourteen hours per tube is 
applied. 
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Conservative Method.— The radium applicators employed 
in the conservative method are the universal tubes containing 
radon or radium sulfate (element)., which is filtered through 
0.5 mm. of silver. 1 mm. of brass, and 2 mm. of Para rubber. 
The amount in each tube may van* from 20 to 50 me. or mg. 
each. One or two tubes may be applied at one time (Fig. 70) . 
The dose for each region varies from 40 to 90 me. or mg. hours 
per square centimeter. The number of regions to be treated 
depends upon the extent of the surface of the cancer. Two 
regions a day can be treated until the entire surface of the 
lesion has been covered. In the female patient vaginal packs 
are placed along the posterior vaginal wall in the region of the 
rectal infiltration. The vaginal applicator usually contains the 
universal tube of 50 mg. of radium sulfate (element), the 
walls of which are composed of 0.5 mm. of silver and 1 mm. 
of brass. This is placed in a lead jacket, the walls of which 
are 2 mm. thick; then the tube and the lead jacket are placed 
in a spool-like rubber jacket, the walls of which are 1 cm. 
thick. The time of one application is fourteen hours. From 
one to three or four applications are required, depending upon 
the size of the vaginal cavity and the region of rectal infiltra- 
tion to be covered. Treatment may be applied daily. This 
surface method can be applied with very little or no risk. All 
radium treatments in the rectum are applied with the patient 
inverted and with the aid of an endoscope. Gauze packing is 
used to hold the applicator in place and to protect as much as 
possible the uninvolved wall of the rectum and vagina. 

Radical Method . — In the radical method of radium 
therapy, various needles containing radium sulfate (element) 
or gold radon seeds are employed (Fig. 71). The tissues must 
naturally be punctured and this adds a definite risk. This 
method is decidedly more limited than is the conservative 
method previously described. 

Results. Fricke and one of us (Bowing 4 ) reviewed 500 
cases of primary rectal carcinoma in which irradiation therapy 
was employed. The patients were treated early in our expe- 
rience. that is, from 1915 to 1931, inclusive. In more than half 
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of the cases the lesions were classed as inoperable. Of the 
500 patients, 108, or 23 per cent, lived more than three years 
after treatment, sixty-three, or 13 per cent, lived more than 
five years, and twenty-two, or 5 per cent, lived ten or more 
years. Of the forty-two patients who received radium therapy 
before operation, eight, or 19 per cent, lived more than three 
years, seven, or 16.6 per cent, lived more than five years, and 
four, or 9.5 per cent, lived more than ten years after they were 
dismissed from the Clinic. Of the 153 patients who received 
radium therapy after operation, twenty, or 13 per cent, lived 
more than three years, twenty-seven, or 17.7 per cent, lived 
more than five years, and eleven, or 7.2 per cent, lived more 
than ten years. Of the 286 patients who were treated only by 
irradiation therapy, sixteen, or 6 per cent, lived three or more 
years after the treatment, five, or 1.8 per cent, lived more than 
five j^ears, and five, or 1.8 per cent, Jived ten or more years. 
Of the 481 patients who were treated with irradiation, either 
alone or combined with operation, forty-four, or 9.6 per cent, 
lived three or more years after the completion of the treat- 
ment, thirty-nine, or 8.5 per cent, lived five or more years, and 
twenty, or 4.3 per cent, lived ten or more years. 

ROENTGEN THERAPY 

Binkley 1 states that treatment by irradiation is not only a 
palliative measure, but it is also a method capable of produc- 
ing clinical cures in properly selected cases in which the lesion 
is operable but that it should not be used as a routine pro- 
cedure. The first step is external irradiation in the favorable 
group of cases. The usual factors for such treatment are 
200 kv., 30 ma., 70 cm. target-skin distance, a filter of 0.5 mm. 
of copper and 2 mm. of aluminum, and a portal of 14 by 10 cm. 
Eight hundred and fifty roentgen units at one time or a 
divided dose may be employed. To supplement this sublethal 
dosage, interstitial therapy with gold radon seeds may be 
employed. The interval between external and intratumoral 
treatment is about a fortnight. In cases in which the disease 
is more advanced, the technic is about the same except that 
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colostomv is often necessary. For palliative treatment, exter- 
nal therapy is used alone. Six portals of high voltage roentgen 
rays, employing U to 1 erythema dose to each portal, may be 
given in one or^ two applications, and may be repeated at short 
intervals. Sublethal doses of interstitial therapy (gold seeds) 
may be used in some cases. Binkley said that the 4 gm. 
radium pack may be used alone or in combination with roent- 
sen rays for external irradiation. Colostomy is required in 
about 50 per cent of the cases. 

P re operative irradiation therapy may consist of external 
irradiation used alone or together with gold radon seeds, espe- 
cially in cases in which the growth is situated below the reflec- 
tion of the pelvic peritoneum. Gordon-Watson and Dukes 12 
said that the cases which they had observed are too few to 
warrant a definite conclusion but expressed the opinion that 
“deep .v-ray therapy seems to be of more use before than after 
radium/' and that the use of deep roentgen therapy after the 
use of radium did not produce any noticeable improvement. 

At the clinic we have used roentgen rays chief!}’ as a post- 
operative procedure. Roentgen therapy may be given imme- 
diately after operation or at a later date, that is, in the advent 
of a recurrence. Treatment is usually applied to four to seven 
pelvic fields, at the rate of one field daily, each being treated 
with the following factors: 200 k\\. filtered through 0.75 mm. 
of copper and 1 mm. of aluminum, at a focal-skin distance of 
50 cm., with 15 milliamperes. for thirty minutes, or approx- 
imately 600 r measured in air. We have tried fractional 
irradiation in a few cases, but the results at present are incon- 
clusive. 

For the relief oj pain in cases in which the lesions are very 
large, a suberythema dose is employed and the results are 
good or fair. 


SURGICAL DIATHERMY 

Folguration.— Buie ? has had a unique and wide experi- 
ence with figuration in the treatment of precancerou- and 
cancerous lesions of the rectum. He employs the monopolar 
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type of Oudin current to burn or char the tissues. The cases, 
which are selected carefully, are composed chiefly of those in 
which papilliferous growths are situated on the posterior rectal 
wall below the reflection of the pelvic peritoneum. Naturally, 
this is a small group representing about 5 to 10 per cent of 
cases of rectal cancer. He has more than 100 cases in his 
series but the time interval is too short for statistical study. 
At the time of the figuration or immediately afterward, top- 
ical or conservative radium treatment (previously described) 



fjg 7? — Sagittal section of the normal pelus 

is applied to the charred area to prevent hemorrhage. This 
was a troublesome complication until radium therapy vas 
tried. So far, the results of the combined treatment have 
been very satisfactory’. 

Fulguration of polypoid lesions of the colon, within that 
re-ion which may be explored with the proctoscope, can be 
emploved The co-operation of the patient is necessary. Gen- 
eral anesthesia is contraindicated, but large lesions necessitat- 
ing unusual exposure and a large speculum require anesthesia. 
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The patient should be placed in the inverted position; if this 
is done intestinal loops are less likely to remain in the region 
of the lesion. If the lesions are small and pedunculate, they 
ruay be fulgurated regardless of their position in the intestine. 
Lesions in the mobile portion of bowel must be treated 
cautiously. Lesions on the posterior wall respond very satis- 
factorily to treatment. Lesions on the anterior wall respond 
less satisfactorily on account of neighboring anatomic struc- 
tures (Fig. 72). 

Small rectal lesions do not require hospitalization except 
when they are situated in the mobile portion. Whether the 
lesion is large or small the patient should be kept in bed. Com- 
plications are perforation and hemorrhage. The application of 
radium to the base of a lesion immediately after fulguration 
and the treatment carried to completion in the next few days 
have markedly reduced the tendency of hemorrhage. Obser- 
vation after treatment varies within broad limits. Fractional 
treatment ma}* be necessary. Patients who have a simple 
polyp may be dismissed immediately following fulguration. 
Polyps involving the entire rectum may require several years 
for the treatment and observation. 

Kelly and Ward 13 reported their experience with electro- 
thermic methods in the treatment of diseases of the rectum and 
anus, in Alarch, 192S. They said the method causes relatively 
little postoperative pain, results in soft pliable scar tissue, 
causes little contracture, greatly decreases the amount of bleed- 
ing. and is easy to use. They used the knee-chest position, the 
proctoscope and local anesthesia for the removal of small 
lesions but for large malignant papillomas or ulcerating car- 
cinomas they used a general anesthesia and they combined 
the treatment with radon applied directly to the base. This is 
followed with heavy cross-firing with radon seeds or deep 
roentgen therapy by using anal and sacroco ccvgeal portals. 
A suprapubic portal may be added if the growth is situated 
high in the rectum. 

Electrocoagulation. — Strauss. Strauss.. Cranford, and 
Strauss- 1 reported that Kolischer introduced surgical diath- 
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ermjr, in 1910, for the removal of inoperable malignant tumors. 
In 1913 they obtained excellent results in the treatment of 
three aged persons who had carcinoma of the rectum. In the 
past seven years they have used the procedure alone in prac- 
tically all cases of cancer of the rectum which extends as high 
as the sigmoid colon. They employed an active electrode with 
a flat, round tip that was brought in contact with the tumor; 
the end of the electrode was bent at a right angle, and they 
employed a glass tube endoscope. The technic has been modi- 
fied in that they now favor superficial coagulation which may 
be repeated two, three or four times at intervals of two or three 
weeks. They reported forty-two cases in which this method 
of treatment was used. Severe hemorrhage occurred in five 
cases at the end of the eighth to twelfth post-treatment days. 
In thirt 3 ^one cases the patients were in excellent condition. In 
twelve cases less than three years had elapsed since the treat- 
ment, in nine cases more than four years had elapsed, in seven 
cases more than five years had elapsed, in two cases more than 
six }^ears had elapsed, and in one case more than seven years 
had elapsed. They said that in twenty-two cases in which 
colostonty was not performed, the results were excellent. 

Surgical Diathermy Plus Radium Therapy . — One of us, 
Bowing, 3 has used surgical diathermy (bipolar current) to 
facilitate radium therapy in carcinoma of the rectum. The 
active electrode was a piece of no. 23 gauge music wire, 31 cm. 
long. The proctoscope was of the ordinary metal t}^pe. The 
active electrode was inserted for a depth of about 1 cm. into 
the substance of a medullary tumor. The region about the 
electrode was coagulated. The point of the electrode was 
withdrawn and another region was coagulated. Many regions 
were treated in this manner. An interval of six to seven days 
was permitted between coagulations. The tumor gradually 
became reduced in size until only the base remained and con- 
tact radium treatment was applied to this region. The initial 
and late responses to the combined coagulation and radium 
treatment were satisfactory. A similar technic is used when 
radium puncture is to be done. However, coagulation an 
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puncture are done with the same anesthetic. There is prac- 
tically no bleeding and it is easy to determine the exact site 
of each radium needle. The same method is used for the 
placement of gold radon seeds. There is a possibility that 
superficial coagulation does reduce the surface infection in 
that all punctures are made through coagulated tissue. No 
troublesome local infection has occurred. 

COMMENT 

The brevity we have attempted to maintain throughout this 
presentation has been a truly severe taskmaster. 'We appre- 
ciate that valuable data have been curtailed or omitted. The 
treatment frontiers have as yet been only partially explored. 
Much remains to be accomplished before the patient, clinician, 
surgeon, radiologist and pathologist will be satisfied with their 
results in the treatment of cancer of the rectum. Finally, the 
most important single consideration probably would be that 
we have sufficient evidence to prove that cancer of the rectum 
may be prevented through the early recognition and treatment 
of rectal polyps and precancerous lesions. 

SUMMARY 

Valuable data have accumulated concerning malignant 
neoplastic diseases of the anus, rectum and sigmoid colon, and 
this information surely has advanced our knowledge of this 
insidious disease. As a natural sequence, much responsibility 
has been placed upon those concerned in the possible recovery 
of the patients. In a measure, the symptoms and diagnostic 
signs vary according to the region that is involved. Further, 
the age and general condition of the patient, the duration of 
the disease, and physical characteristics, furnish problems in 
diagnosis, treatment and prognosis. The management of the 
patients demands great skill, judgment, care and complete 
physiotherapy equipment. The selection of the patients suit- 
able for a conservative or a radical therapeutic measure is 
best made by those who are experienced in this field of cancer 
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work. Electrosurgery or actual cauterization, and radium 
therapy and roentgen therapy are not competitive measures but 
are decidedly complementary. They can be employed singly 
or in many combinations. Full co-operation by all concerned 
is essential for good results The outlook, for the future, is 
very encouraging. This is especially true if the patients are 
seen early in the course of the disease and if the proper pro- 
cedures are selected to meet the individual requirements of the 
patient seeking medical and surgical care. 
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TREATMENT OF NONMALIGNANT CONDITIONS 
WITH RADIUM 

Robert E. Fricke 


Each new therapeutic method has an interesting life cycle. 
After discover)’, a natural enthusiasm causes nearly even’ pos- 
sible disease to be subjected to the new treatment. Gradually 
the curve of usefulness declines with the disillusionment and 
discouragement attendant on applying the treatment to dis- 
eases not favorably influenced. Finally, if the method of 
treatment is sound, the curve rises again as the method is 
restricted to the diseases in which its value has been proved. 

Treatment with radium is in this third phase. The lesions 
that respond to treatment have been recognized and treatment 
has been intensified with gratifying results. 

Treatment of malignant lesions conscripts most of thee 
available radium as well as the time and efforts of radiologists. 
However, with the increasing importation of radium into this 
country there has been a steady development of the treatment 
of various benign conditions. The radiologist has maintained 
his enthusiasm because of the interesting diversity of the 
lesions, many of which are common and some rare, and because 
either marked benefit or cure has been invariably attained with 
efficient treatment. At the Clinic, the percentage of patients 
treated with radium for benign conditions, compared with those 
treated for malignant processes has increased from 33 per cent 
in 1932 to 43 per cent in 1939. 

Nonmalignant conditions that respond favorably to irradia- 
tion may be grouped as benign tumors and as acute or chronic 
inflammatory processes. Some of these lesions occur fre- 
quently. others are extremely rare. 3 
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BENIGN TUMORS 

Hemangioma.— Among benign tumors, congenital nevi or 
birth marks of infants form a large group. Treatment with 



Fig. 73. — Cavernous hemangioma before treatment with radium (reproduced 
by the courtesj' of Minnesota Medicine). 



74 Result of treatment of cavernous hemangioma , came patient a« 

show n in Fig. 73; o, eight months after institution of treatment, two treat- 
ments with radium had been given, b, sixteen months after institution of 
treatment. (Figure 74, a, i> reproduced b> the courtesy of Minnesota Medi- 
cine.) 
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radium yields the best results in cases of certain types of nevi.* 
The superficial or common strawberry type of dark red birth 
mark is amenable to treatment. Cavernous hemangiomas , 
deeper lesions spreading widely beneath the skin that have a 
dark red or a bluish, superficial discoloration, also respond 
fairly well to repeated treatments over a long period. Certain 
capillary types of hemangioma are resistant to radium therapy, 
as is the diffuse port-wine stain. These forms of nevi are some- 
times treated more successfully with solid carbon dioxide, 
electrodesiccation or surgical excision. Occasionally, good 
results are obtained with radium in cases of port-wine stains, 
but only among infants. 

In general, results in the treatment of hemangiomas are 
always better if the patient is young. I prefer to treat all of 
these patients when they are one year of age or younger. Many 
excellent results are obtained if treatment is commenced when 
the patient is only a few weeks or months of age (Figs. 73 
and 74, a and 6), 

It is important that treatment be conservative and cautious . 
Parents always are informed that a year or two may be re- 
quired in order to achieve a satisfactory result. Overtreatment 
must be avoided. Telangiectasis resulting from overtreatment 
is as unsightly as the original lesion. Treatment is repeated 
even* three to four months until satisfactory regression of the 
tumor occurs. The tumors themselves extend downward and 
occupy more subcutaneous tissue than usually is realized. The 
parents are assured before treatment starts that perfect resto- 
ration of the parts cannot be expected: gradual shrinkage of 
the tumor under treatment is accompanied by less disfiguring 

scar tissue than is produced by other available forms of treat- 
ment. 

Lymphangioma. — Lymphangiomas are not as sensitive to 
radiation as hemangiomas, but satisfactory regression is to be 
expected. Treatment is tedious and results are slow. Radium 
used at a distance is the best and safest method, although in 

some instances radium needles or seeds yield satisfactory 
results. 
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Cystic Hygroma. One of the more rare benign tumors is 
cystic hygroma. This tumor which is congenital usually be- 



Tig 75 — Large c\stic h}groma of the neck before treatment 



Fig 76 — a and b, Eight months after institution of treatment with radium 
for cjstic h\groma T ^ame patient as shown m Fig 75 


comes evident in the first four years of life It usually is 
lobulated, cystic and bluish, contains lymph, is lined \uth 
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endothelial cells and usually is situated in the lower half of the 
neck. 4 Lymph is obtained on aspiration of the tumor. This, 
together with the cystic appearance of the swelling distin- 
guishes it from branchial cleft cyst, lipoma, aneurysm or 
infected lymph node. As the tumor increases in size, pressure 
ruay produce dyspnea and dysphagia. 

Surgical extirpation of this rare tumor never lias been satis- 
factory If it is not removed completely, recurrence from one 
of the remaining lobules is common. Often, extend on of the 
tumor into the mediastinum or axilla precludes complete ex- 
cision. Radium therapy given cautiously over a year or two, 
with treatments three or four months apart, gradually causes 
shrinkage and finally disappearance of the growth (Figs. 75 
and 76, c and b). Results are excellent unless infection occurs. 
This may supervene at any time before the tumor disappears 
and usually progresses to ulceration, drainage and death. In- 
fection occurs as readily in cases in which treatment has not 
been given and treatment never has been known to increase 
the risk. The mechanism of the favorable effect of irradiation 
on these tumors is not known precisely; probably it consists of 
destruction of the endothelial cells of the cysts, which are be- 
lieved to form the lymph. 

Lymphedema of the Face. — Another rare condition 
which occurs among adults and one that is best treated with 
radium is lymphedema of the face. It is difficult to know 
whether to classify this as a benign tumor or an inflammatory 
condition. The disorder was reported as a clinical entity by 
Xew and Kirch in 1933: they studied sixty-seven cases treated 
at the Clinic in twenty-two years. The acute edema, which 
leaves permanent residual swelling, chiefly involves the lips, 
eyelids and cheeks. Good results are attained by injections 
of boiling water followed by treatment with radium: again, as 
m cases of cystic hygroma, treatment is given even- three or 
four months for one to two Years. 

Fibromyoma of the Uterus and Menorrhagia.— Among 
the largest poup or benign tumors treated with radium are fibro°- 
myomas oi the uterus. These tumors are common, but only 
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when menorrhagia develops or when they increase in size and 
produce symptoms of pressure is treatment necessary. Before 
the development of irradiation a major surgical procedure was 
the only treatment available,* myomectomy or hysterectomy 
was indicated. Now 7 radium has become a safe and efficient 
substitute for some major operations for this condition. How- 
ever, the patients that will be benefited must be selected care- 
fully. There are important indications and contraindications 
in regard to this form of treatment. 2 

If the fibrontyomas are causing definite symptoms, such as 
menorrhagia or pressure on neighboring organs, careful pelvic 
examination is necessary, performed preferably w r ith the use 
of anesthesia in order to exclude adnexal disease or abnormal- 
ities. Curettage for diagnostic purposes is essential to be sure 
that carcinoma of the fundus is not causing the bleeding. Once 
the diagnosis of simple fibromyoma is established, intra-uterine 
treatment with radium generally is effectual. The treatment 
entails no risk beyond that of curettage. 

Types of Fibromyomas Which Should Be Treated Surg- 
ically. — Submucous tumors tend to considerable sloughing after 
treatment; subperitoneal tumors may not be affected favorably 
because of their distance from the radium capsule in the uterine 
fundus. Tumors which enlarge rapidly or disclose marked 
softening should be excised surgically, as these changes may 
denote malignant degeneration. Firm tumors which contain 
large amounts of calcium as disclosed by the roentgenogram 
are resistant to radium therapy. Operation also is preferable 
when adnexal abnormality or disease is present so that the 
associated trouble can be removed. 

Radium Treatment of Fibromyomas ; Its Results. — The 
radium or radon in a small brass tube fastened with wire is 
inserted into the depth of the body 7 of the uterus usually at the 
time of the diagnostic curettage. Fifty milligrams of radium 
element or a 50 me. radon tube stays in place for about 
twenty-four hours and causes little or no discomfort to the 
patient; after removal of the radium, an additional stay of 
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twenty-four hours in the hospital is advisable to be sure that 

there are no disturbing after effects. 

In carefully selected cases, results of treatment are gradual 
and all that could be desired. Cessation of menstrual flow 
and disappearance or diminution of the tumor occur gradual!} 
over many months. In instances in which a favorable effect is 
not achieved, an interval of sir months should elapse before 
repetition of the treatment. Surveys of results in many large 
series of cases have revealed a perfect outcome in the maiority 
of instances: certainly, repetition of treatment rarely is neces- 
sary. 

One of the principal perplexities of gynecologists is the 
question of she of the tumor determining operation or irra- 
diation. Some physicians consider that a myomatous uterus 
larger than the uterus after three and a half months of preg- 
nane}’ contraindicates treatment with irradiation; others feel 
that a large tumor can be treated effectually. Of course, when 
the excessive size of the tumor produces serious pressure on 
neighboring structures, operation affords immediate relief as 
compared to the gradual relief afforded by slow shrinkage of 
the tumor from irradiation. 

Menorrhagia oj the Menopause . — Menorrhagia of the 
menopause without a demonstrable fibromyoma is treated most 
safely and efficiently by the intra-uterine application of radium. 
There is definite need to educate women in the fifth decade of 
life so that they will present themselves for treatment earlier 
in the course ot the disease and not to expect a definite menor- 
rhagia to correct itself because they are at the menopausal age. 
Too many women wait until excessive bleeding leaves them 
depleted and anemic, so that blood transfusions and supportive 
measures have to be instituted before menorrhagia can be com- 
bated. Among patients who have essential menorrhagia and 
whose general health is satisfactory, treatment with radium 
is practically specific. Kelly has termed radium the modem 
medical miracle in connection with this dsease. The treat- 
ment is safe, rapid and emdenL The radium is introduced 
into the uterus at the time of diagnostic curettage: curettage 
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is essentia] to exclude carcinoma of the uterine fundus. Thus, 
n minor surgical procedure is substituted for hysterectomy, 
which was necessary before the use of radium in medicine! 
Results in our experience have been extremely satisfactory in 
at least 95 per cent of cases; in 5 per cent or less, repetition 
of the treatment six months to a year later or subsequent 
hysterectomy may become necessary. 

Menorrhagia in Girls and Young Women . — Treatment with 
radium in cases of menorrhagia among girls or young women 
is employed only as a last resort after failure of all possible 
medical or surgical treatment because even the small or moder- 
ate dose of radium employed has been known to produce per- 
manent amenorrhea among some women. This unfortunate 
result seems to arise from differing degrees of sensitiveness of 
the ovaries to irradiation, which at present cannot be estimated 
beforehand. When all other methods fail, severe menorrhagia 
can be relieved by intra-uterine application of small doses of 
radium, although the risk of permanent amenorrhea must be 
explained to, and be appreciated by, the patient and her rela- 
tives. 

Fibrous Plaques of the Penis ( Peyronie's Disease ). — 
Histologically, fibrous plaques of the penis are composed of 
elastic fibers and connective tissue and resemble keloids. Al- 
though the disease was described as long ago as 1743 by 
Peyronie, the etiology has never been determined satisfactorily. 
Peyronie's disease has been studied exhaustively. The indu- 
rated regions usually are situated on the dorsum of the penis; 
the} 7 involve the sheaths of the corpora cavernosa and septum 
and mav appear as a nodule, a plaque or a cordlike thickening. 
The swelling is readily palpable. The urethra and corpus 
spongiosum are not affected. The disease produces deformity 
on erection which may or may not be painful, but sexual inter- 
course is rendered difficult or impossible. Although the dis- 
order has no vital significance, it tends to produce much mental 
suffering and may lead to grave psychotic changes. 

Treatment has been varied and in the main discouraging. 
Surgical excision, diathermy and administration of fibrolysin 
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or iodides have been tried with but little success. The use of 
roenteen ravs has given some encouraging results. For many 
years? keloids had been found to respond well to radium. 
The first successful use of radium in cases of Peyronie s disease 
was reported by a German physician in 1911, who treated the 
condition with heavily filtered radium similar to treatment 
given for a keloid. 

Although the incidence of Peyronie's disease is rare, 549 
cases had been reported in the literature up to 192S: more 
cases are being recognized as interest in this condition in- 
creases. For several years about twelve to twenty patients a 
year have been treated with radium at the Clinic for this 
disease. The results of treatment with radium have been 
mildly encouraging and the cures have slightly more than 
equaled the cures achieved by all other methods of treatment 
combined. 5 The lesions are treated just as are keloids; heavily 
filtered rays of radium which pass through 2 mm. of lead, as 
well as the primary silver and brass filters, are used. Sub- 
erythema doses are employed. To be effective, the treatment 
must be repeated two or three times at intervals of three to 
four months. Experience has demonstrated that treatment is 
more effective when the diagnosis is made early in the course 
of the disease, just as keloids which are diagnosed early are 
more readily absorbed by irradiation. Cartilage and bone have 
formed in fibrous plaques of several years ; duration and these 
tissues are resistant to irradiation. Treatment is simple and 
safe and requires only an overnight application of the element. 

Verruca Vulgaris.— Verruca vulgaris, or the common 
wart, is a benign tumor which usually responds readily to treat- 
ment with radium. Beta irradiation is employed: for this a 
varnished, unfiltered plaque is used. One treatment is ordi- 
narily sufficient. The few warts which prove resistant to 
irradiation should be excised surgical!}'. 

INFLAMMATORY LESIONS 

Acute Inflammatory Lesions— Among acute inflam- 
matory lesions is the postoperative complication known as 
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postoperative acute parotitis } In cases in which the patients 
are debilitated after a major surgical operation, most fre- 
quently after operation on the intestine, acute parotitis is 
attended by a grave prognosis. Death may cccur in almost 
half of the cases unless treatment is prompt. In 1930, Rankin 
and Palmer compared a group of cases in which radium was 
used to one in which it was not; they found that the mortality 
rate was practically cut in half by the use of radium. 7 I can- 
not do better than to summarize the conclusions reached by 
Rankin and Palmer which were as follows: (1) radium, if 
applied immediately on recognition of the infection, tends to 
abort suppuration and decrease mortality; (2) if surgical in- 
cision becomes necessary, the prognosis is more grave; (3) the 
extent of the infection, for example, bilateral involvement, 
increases the mortality rate; (4) the more serious the opera- 
tion preceding the infection, the higher is the mortality rate, as 
disclosed by studies of operations on the colon and (5) the 
mechanism of the beneficial action of radium is unknown, but 
one possible theory is that the resultant disintegration of the 
protective leukocytic barrier liberates protective antibodies or 
ferments. 

For several years patients with this serious complication 
have been treated at the Clinic with encouraging results. 
Radium is carried to the bedside and applied as soon as the 
diagnosis is established. As a rule, the inflammatory process 
subsides satisfactorily about the second or third day after 
completion of treatment. The treatment is painless, without 
risk and is well tolerated. 

Large, acute abscesses or carbuncles respond perfectly to 
treatment with radium. Radium can be carried to the bedside, 
thus avoiding the risk of transportation of the extremely ill 
patient. The important feature is the immediate application 
of the treatment at any time of the day or night that the acute 
infection is recognized. 

Chronic Inflammatory Lesions. — Among chronic inflam- 
matory processes, tuberculous adenitis has long been recog- 
nized as being sensitive to irradiation. Treatment should be 
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repeated at intervals of three or four months, often for years. 
Biopsy of a chronically enlarged lymph node establishes the 
diagnosis and treatment with radium gradually shrinks the 
involved nodes and causes deposition of scar tissue. 

Acthwmycosis oj the ccn'ical lymph vodes is a stubborn 
process and \ery resistant to treatment: treatment with radium 
or roentgen ravs. however, has been successful in these cases. 
Repeated treatment over a long period is required. 

SUMMARY AND CONCLUSIONS 

In general, treatment with radium of all benign lesions, 
whether neoplastic or inflammatory, necessitates certain pre- 
cautions. Most of these conditions are not fatal if not treated. 
By overtreatment, underfiltration of radium or lack of pro- 
tection to adjoining tissues, a benign condition may be changed 
into a malignant one. Unskilled treatment may cause serious 
damage to the skin and underhung tissues, necessitating surg- 
ical repair. To the patient, treatment with radium often is 
considered just treatment with radium: he has heard of marvel- 
ous cures and expects the same, with no thought as to the 
experience or the equipment of the radiologist. 

Although the patient will eventually learn that skill and 
experience are as important to a radiologist as to a surgeon, a 
sating factor is that of dosage in treating benign disease. 
Good results can be achieved in all the benign conditions men- 
tioned. although some are serious conditions. However, in all 
these lesions only a percentage of the dose used in treatment of 
carcinoma need be employed. The dosage used is never a full 
erythema dose. This additional safeguard, plus the sxowins; 
skill and experience of the radiologist makes the treatment of 
benign disease one of the most satisfying and fascinating fields 
in the domain of therapy. 
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roentgenologic treatment of benign, includ- 
ing INFLAMMATORY, CONDITIONS 

Walter C. Popp 


The use of roentgen therapy in the field of benign, and par- 
ticularly inflammatory, lesions is ever widening. It is intended 
in this article to comment on the use of roentgen therapy in 
benign lesions considered amenable to this type of treatment, 
as well as recent conceptions in treating inflammatory condi- 
tions. Perhaps the most prominent advances in the treatment 
of nonmalignant condition in recent years have been in con- 
nection with inflammatory lesions; for this reason these will 
be mentioned first. The practical method of classifying types 
of inflammatory lesions for the purpose of discussion has been 
to consider the acute and chronic phases: hence, this arrange- 
ment will he followed. 

Dosage used in treatment of inflammatory conditions and 
the majority of benign conditions is relatively small. At the 
Clinic., we have found that such dosages are equally beneficial 
and assist in the ultimate protection of the skin so that 
deleterious effects need not occur. Throughout this article it 
will he noted that, with the exception of only two conditions, 
those oi fibroids and of artificial menopause, the dosages sug- 
gested are relatively small. 

ACUTE INFLAMMATORY CONDITIONS 

In general, acute inflammatory conditions are treated with 
relatively small doses of roentgen rays consistent with the type 
and location oi the lesion. The resolution of acute inflam- 
matory conditions usually is rapid: thus, a small amount of 
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treatment usually is sufficient. The voltage used in this type 
of treatment need not exceed 120 to 140 kv. The filtration 
necessary is determined by the depth as well as the location 
of the lesion. 

Furuncle. Experience at the Clinic has been that when 
a furuncle is treated early, that is, within twenty-four to forty- 
eight hours after its inception, the inflammation commonly 
undergoes involution without suppuration. The amount of 
necessary treatment depends on the size and relative acute con- 
dition of the lesion. If the lesion is of twenty-four to forty- 
eight hours' duration, the treatment need not exceed 50 to 75 r, 
with voltage and filtration dependent on the size and thickness 
of the affected region. When the lesion has been present more 
than seventy-two hours, a dose of 75 to 100 r may be used. 
When suppuration develops, it usually appears within forty- 
eight hours after the first treatment has been given. The treat- 
ment should be repeated every other day. As a rule, three 
sessions of treatment are sufficient. Of particular interest are 
furuncles of the nasal orifice and external auditory canal. Be- 
cause of the difficulty of approach for local treatment, the use 
of roentgen rays is of great value. A furuncle in these situa- 
tions responds to treatment as well as a furuncle in any other 
region. Occasionally , a furuncle on an extremity ma}' be 
associated with lymphangitis ; experience at the Clinic has been 
that the lymphangitis as Avell as the primary lesion should be 
treated. If the general condition of the patient is not altered 
by some serious complication, the same results are obtained 
as in cases in which lymphangitis was not present. 

Carbuncle, — Roentgen therapy for carbuncles is usually 
the same as for furuncles, except that the treatment may have 
to be repeated oftener. Assuming that by the usual definition 
a carbuncle is a localized cutaneous infection with multiple 
openings, the treatment should include not only the lesion itself 
but also a fairly wide margin of the normal surrounding tissue. 

As a carbuncle usually is present somewhat longer than a fur- 
uncle, slightly larger dosages may be used. I have found that 
a dose of 75 to 100 r, repeated ever}' other day until a total 
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of not more than four sessions of treatment has been given, is 
sufficient in the average case. After the second session of 
treatment, the lesion usually reveals some evidence of pointing, 
provided drainage was not present before treatment was in- 
stituted. When the carbuncle is pointing, drainage should be 
promoted by a small incision over the region of suppuration. 
Under ordinary circumstances, a carbuncle can be cured in this 
manner without extensive surgical interference. 

If a carbuncle is a complication of diabetes, the same course 
of treatment is followed: if the diabetes is under control, the 
same final results may be obtained. 

Simple Adenitis. — -This condition usually is seen among 
children and usually is coexistent with an acute infection of 
the upper part of the respiratory tract. As a rule, the lymph 
nodes are tender and the patients often have fever. The in- 
volved lymph nodes are treated with a small dose in the range 
of 50 to 100 r. The treatment is repeated only if it seems 
necessary and commonly an average of only two treatments on 
alternate days is necessary. As a rule, the adenitis subsides 
completely. 

Erysipelas. — The average case of erysipelas can be 
brought under control by means of roentgen therapy within 
twenty-four to seventy-two hours. The best results are obtained 
if the patient has fever. In most cases, the dose need not 
exceed 125 r of unfiltered roentgen rays at a voltage of approx- 
imately SO kv. to the involved regions and. at the same time, 
to a fairly wide margin of normal surrounding tissue. Erv- 
sipelas in cases of aged patients responds to roentgen therapy, 
but in a less dramatic manner. It the cutaneous lesion dis- 
closes evidence of extension after the first treatment, such 
regions should be treated as they develop. It is not neces- 
sary to treat more than once in the majority of cases. When 
fever is present, the temperature usually falls to normal within 
twenty-four hours after treatment. 

Sinusitis.— Because of conflicting ideas about the treat- 
ment oi acute sinusitis, a series oi such patients has been 
treated irith roentgen rays recently and the results have been 
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evaluated in collaboration with a rhinologist. As this treat- 
ment of acute sinusitis is relatively new, it might be well to give 
the results obtained in this series. 

Fifty-six patients were treated. In thirty-one cases severe 
involvement was present and in twenty-five moderately severe 
involvement. Because of reports in the literature that treat- 
ment given early in the course of the infection is more effective 
than when given late, both groups were arbitrarily divided 
into those in which symptoms had been present for one to five 
days before the beginning of treatment and those in which the 
symptoms had been present more than five days. 

In the thirteen cases of severe sinusitis, in which pain and 
tenderness had been present from one to five days before roent- 
gen therapy was instituted, were six cases in which pain and 
tenderness disappeared within six hours after the first treat- 
ment and one case in which pain and tenderness disappeared 
abruptly after the second treatment. In an additional case in 
which relative!}' large doses had been used, the symptoms 
increased for three days and then stopped abruptly; the nasal 
discharge and inflammatory swelling of the nasal mucosa sub- 
sided completely by the evening of the third day after treat- 
ment. In two other cases, the pain and tenderness continued 
until after the third treatment, when these symptoms suddenly 
disappeared. These results were classified as moderately good. 
In three cases roentgen therapy had no apparent effect. 

Eighteen patients had had severe sinusitis for more than 
five days. The pain and tenderness of nine disappeared after 
the first treatment and these same symptoms and signs of two 
disappeared after the second treatment. These results were 
regarded as good. Pain and tenderness disappeared in one 
case after the third treatment; this was assumed to be a 
moderately good result In six cases roentgen therapy did not 
have any apparent effect. In one of these cases trephination 
was required because of edema over the frontal region and high 
fever associated with leukocytosis, which suggested incipient 
osteomyelitis of the frontal bone. Another patient in this 
group had a complicating orbital abscess and an abscess of (he 
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frontal lobe of the brain. This patient died three months later 
of the abscess. This was the only death in the series^ 

In eight of the cases of moderately severe sinusitis in which 
symptoms had been present for from one to five days, pain and 
tenderness disappeared after the first treatment and, in one. 
this response was delayed until after the second treatment. In 
this group, all cases responded to treatment. In sixteen cases 
of moderately severe sinusitis, pain and tenderness had been 
present more than five days. In eight of these cases, there was 
complete remission of pain and tenderness within six hours 
after the first roentgen treatment. In one of the cases in which 
the patient apparently obtained complete relief after the first 
treatment, the symptoms recurred two weeks later: removal of 
a diseased pharyngeal bursa and submucous resection of the 
nasal septum were required. 

Only a moderately good result was obtained in six cases. 
One patient, who received an unusually heavy dose, had an 
increase in pain and tenderness for four days, but this was fol- 
lowed by an abrupt cessation of all symptoms of sinusitis, in- 
cluding pain, tenderness, discharge and evidence of congestion 
of the nasal mucosa. In the five other cases in which the 
result was only moderately good the pain and tenderness were 
relieved but the discharge into the nose seemed unusually pro- 
longed. In two cases, roentgen therapy did not have any ap- 
parent effect. 

Because of the experience gained in treating other acute 
inflammatory conditions, it was felt that acute sinusitis miaht 
be treated equally well with relatively small doses. Treatment 
was given only in cases of sinusitis in which symptoms and 
objective evidence of involvement were present. If a patient s 
condition was diagnosed as pansinusitis, all the sinuses were 
treated. Otherwise, only the involved sinus or sinuses were 
treated. In each case, the doses used were in accordance with 
the duration and severity' of the infection. 

When the patients had had symptoms for from one to five 
days, doses of 50 r were used. When symptoms had been pres- 
ent for more than five days, doses of 75 to 100 r were used. 



962 


WALTER C. POPP 


In each case the treatment was repeated every other day 
and from one to three sessions of treatment were given; 
the number depended on the symptomatic response. The 
treatments were given with voltages generated at 130 kv. 
constant potential) filtered through 6 mm. of aluminum; 
for children a filtration of 4 mm. of aluminum was used 
at a distance of 40 cm. In each case the fields were suf- 
ficiently large to cover adequately the sinus or sinuses involved 
as well as the regions of nasal mucosa contiguous to the natural 
ostia of the involved sinuses. 

CHRONIC INFLAMMATORY CONDITIONS 
In the treatment of chronic inflammatory conditions, rela- 
tively larger dosages are necessary?- than for acute inflammatory 
conditions. The voltage and the filtration are much the same, 
but the number of roentgens used is decidedly increased. For 
example, in an acute inflammatory condition not more than 
100 r is indicated, whereas in chronic inflammatory conditions 
doses between 150 to 250 r may be used according to the 
voltage and filtration employed. The treatment should be 
repeated at much longer intervals and, hence, the time con- 
sumed in attempting to eliminate the pathologic condition is 
considerably greater. 

Actinomycosis. — Actinomycosis about the head and neck 
usually is treated with roentgen rays in conjunction with surg- 
ical drainage and oral administration of potassium iodide. Pro- 
vided the process has not extended to the point where 
intracranial involvement is a possibility, tire average infection 
clears up in six months to a year. Treatments are given with 
the voltages and filters adapted on the basis of the depth of the 
lesion; a dosage of approximately 250 r is used. This treat- 
ment usually is repeated at intervals of three to four weeks 
until the lesion seems quiescent. As a rule, not more than five 
or six sessions of treatment are required. Roentgen therapy 
alone is not sufficient for the care of actinomycosis and surgical 
drainage and administration of iodides should not be omitted. 
During recent years the treatment of actinomycosis of the ab- 
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domen and thorax has improved considerably and now actmo- 
mycosis can be cured in some of these cases. 

" Blastomycosis. — Blastomycosis is treated much the same 
as actinomycosis; the dosages and intervals of treatment are 
approximately the same. It has been our experience at the 
Clinic that the results in cases of blastomycosis, except for the 
cutaneous type, have not been as satisfactory as in cases of 
actinomycosis. 

Arthritis.— It is difficult to evaluate the results obtained 
bv roentgen therapy in arthritis because the majority of pa** 
tients were under a general medical regimen at the time treat- 
ment was given. Although considerable improvement often 
followed treatment, to attribute this exclusively to roentgen 
therapy might be misleading. However, as arthritis is prima- 
rily an infectious disease, the use of roentgen therapy is indi- 
cated in selected cases. The involved joints should be treated 
thoroughly through one or more fields; the number of fields 
depends cn the size of the joint. Perceptible or substantial 
improvement often is not obtained until two or three courses 
of treatment have been given at intervals of three or four 
weeks. 

Sinusitis. — Because of the larger doses required in the 
treatment of chronic sinusitis and because of the difficulty in 
estimating both the severity and end results in chronic sinusitis : 
this method of treatment has been used only in selected cases. 
Roentgen therapy is employed only in cases in which severe 
pain is present and operation is contraindicated. The treat- 
ment is given only to the point of relieving pain and congestion. 
The doses used van' between 150 and 200 r and are repeated 
only if specifically indicated. Our experience at the Clinic 
has been that chronic sinusitis has been cured with roentgen 
therapy alone in only a very few instances. 

Tuberculous Adenitis. — Tuberculous adenitis, particu- 
larly among children, definitely is amenable to roentgen 
therapy. The lymph nodes are treated with dosages of approx- 
imately 200 to 250 r. The sessions of treatment are repeated 
at intervals of three or four weeks until maximal improvement 
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is obtained. The patient should then be kept under observa- 
tion for at least a year in order to determine whether or not 
the lesions may again become active. Treatment of tubercu- 
lous adenitis of adults has revealed fair promise, but the 
response of the affected lymph nodes is even slower than that 
of children. It is possible to cure tuberculous adenitis of a 
child or adult, if the tuberculous process is not active in other 
parts of the body. When the lesions are active in other organs 
or tissues of the body, the possibility of obtaining a favorable 
result is lessened considerably. 

Tuberculous Peritonitis. — The combination of roentgen 
therapy and complete rest is of considerable value in cases of 
tuberculous peritonitis. The amount of treatment is deter- 
mined by the amount of activity and general condition of the 
patient. The dose should be approximately 150 r per field, 
but if the patient is very ill the treatment should be arranged 
so as not to tax the patient’s tolerance. If the general condi- 
tion of the patient is otherwise good, doses of 250 r can be 
given safely. The plan of treatment consists of marking off 
the anterior abdominal wall from the level of the xiphoid car- 
tilage to the pubic region and from one midaxillary line to the 
other into four fields of equal size with the navel as the com- 
mon center. The posterior aspect of the abdomen should be 
marked into four corresponding fields. Treatment is given 
through each field. In the average case, the course of treat- 
ment lasts eight to twelve days. If the doses used are as low 
as 150 r, treatment should be repeated in three weeks; if doses 
of 250 r are used, the treatment should be repeated at intervals 
of four weeks. The courses of treatment should be repeated 
until the patient is well or until maximal improvement is ob- 
tained. Three to five such courses of treatment may be neces- 
sary. It must be remembered that roentgen therapy should 
not" be used to the exclusion of other supportive measures. 

Scrofuloderma.— The use of roentgen therapy in cases of 
scrofuloderma has been helpful. Scrofuloderma cannot be 
treated with roentgen rays to the exclusion of other methods of 
treatment. The doses used are much the same as for tuber- 
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culous adenitis. Again, the voltage and filtration must be 
selected according to the location and size of the lesion. 

Miscellaneous Lesions. — Many other inflammatory con- 
ditions are amenable to roentgen therapy, but they are too 
numerous to mention and my experience with different cases 
is too limited to permit absolute conclusions to be drawn. 
However, the important factor in the treatment of inflam- 
matory conditions is the proper selection of dosage as well as 
the voltage and filtration. Voltages in excess of 140 kv. need 
never be used and a filtration of 4 mm. or 6 mm. of aluminum 
is sufficient. The target skin distance may van' to some extent 
but in our experience an average of 40 cm. is suitable; and 
allows adequate penetration with the voltage and filtration 
mentioned; higher voltages need not be used. As the majority 
of inflammatory lesions, except those of the thorax or abdomen, 
are on or relatively near the surface of the skin, higher voltages 
offer no additional value. In fact, even for most inflammatory 
processes of the thorax or abdomen,. lays generated at 130 to 
140 kv. are sufficient. 

DERMATOLOGIC CONDITIONS 

The use of roentgen rays in treatment of cutaneous lesions 
is of great value. However, there is no group of conditions in 
which roentgen rays are misused so much. In many cutaneous 
lesions, roentgen rays are of considerable help when used with 
other measures, but difficulties arise because roentgen rays are 
often used to the exclusion of other methods. The more com- 
mon dermatologic lesions which are amenable to treatment will 
be commented on. As the majority of cutaneous lesions are 
treated with unfiltered rays, it is well to mention what is meant 
b\ the so-called skin unit. In general, the skin unit represents 
a threshold erythema dose with unfiltered roentgen ravs, an 
approximate quantitative value of 300 r measured in air. In 
general, the term £ ’skin unit " is probably a bad indication of 
dosage, but because of its general acceptance it is perhaps well 
to use the skin unit in this manner, provided its equivalent 
value is remembered. 
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Acne Vulgaris. — Of all diseases of the skin, acne vulgaris 
is perhaps the one for which treatment with roentgen rays is 
used most commonly. Each case must be selected carefully 
and certain contraindications should be mentioned. Patients, 
especially girls, who have acne and are between thirteen and 
approximately eighteen years of age should not receive roent- 
gen therapy because acne at this time of life can commonly be 
cared for by other topical measures. It is well to wait until 
adolescence has passed sufficiently in order to determine 
whether or not the acne will persist. If the patient has been 
selected for roentgen treatment, other measures should not be 
excluded. Treatment by a dermatologist is important for the 
removal of comedones and the drainage of superficial pustules. 
If these measures are used, less irradiation is necessary and 
hence, the skin of the patient is exposed to less irritation by 
roentgen rays. It is well to remember that strong local appli- 
cations should be avoided. 

Many suggestions have been made as to the dosage which 
should be used, but I feel that no dose in excess of V* skin 
unit (150 r), unfiltered, should be used at a single session of 
treatment and this should not be repeated in less than two 
weeks. At the Clinic it is felt that the so-called % skin unit 
is not sufficient to offer much benefit, and that a dose in excess 
of % skin unit may lead to moderately excessive cutaneous 
reactions. If treatment has been begun, it is well to carry 
through a complete course and it should not be interrupted 
until the cutaneous lesions have been well controlled. For the 
average patient not more than 3 skin units or a total of 900 r 
should be given in any course of treatment. This dose must be 
curtailed further at times because of the effect of roentgen 
ravs on an extremely sensitive skin, such as possessed by the 
fair haired, light skinned type of person. At times, it is neces- 
sary to use some filtration in the treatment of extensive acne, 
particularly when some complication in the form of pyoderma 
is present/ In this event higher dosages are not necessary, but 
filtration seems to offer more satis factor}" results. 

ClaVUS. — Certain suggestions have been made that roent- 
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„en treatment of the ordinary corn is worth while. An occa- 
sional treatment mav help to relieve the discomfort but unless 
the patient’s footwear is changed., little permanent benefit 
results. Occasionally, the soft com which usual!} is seen be- 
tvreen the toes can be helped definitely with roentgen ra\^. 
We have found that by treating the lesion, with careful protec- 
tion of the surrounding tissue and using a dose not in excess of 
s: skin unit, a marked measure of relief can be obtained. It is 
occasionallv necessary to repeat the treatment at monthh 
intervals until two or three treatments have been given; in our 
experience this has been sufficient. If the lesion is not ame- 
nable to this amount of treatment, further treatment should not 
be given. 

Eczema. — The term “eczema” covers a variety of cutane- 
ous lesions, particularly chronic infectious eczematoid dermat- 
itis. atopic eczema and dermatitis venenata. Several other 
conditions could be included, but from the diagnostic stand- 
point they will not be considered. It is believed at the Clinic 
that roentgen therapy is an excellent palliative procedure to be 
used in conjunction with other methods of treatment, but in no 
sense of the word can it be regarded as a curative measure. A 
patient may be free of symptoms for a long time as the result 
of roentgen therapy, yet it is realized that some other factor 
must be responsible for the complete disappearance of the 
lesion. Unaltered irradiation, when doses not in excess of 150 
to 200 rata single session of treatment are used, is adequate. 
Repetition of treatment may be necessary on several occasions. 
Perhaps in this condition more than, in any other, a roentgen- 
ologist, because of the excellent palliative results, can be led 
into continuing treatment to the point of radiodermatitis. I 
think it is well to warn that as little treatment as possible be 
given under any circumstances. 

Neurodermite. — This condition is commonly known by 
two other general terms, “lichen simplex chronica” and “lichen 
Widal. ' As a rule, unaltered irradiation of approximately % 
to 1 skin unit for a single treatment is sufficient to alleviate the 
pruritus and reduce perceptibly the induration of the lesion. 
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Under ordinary circumstances, not more than two treatments 
given at monthfy intervals are necessary. 

Herpes Zoster. — Roentgen therapy in cases of herpes 
zoster is particularly advantageous in preventing postherpetic 
pain. If treatment is instituted early at the time the vesicles 
appear, the lesion can be eliminated rather rapidly and the 
postherpetic pain is diminished markedly. The nuclei of the 
nerves which are involved in the distribution of the herpes 
should be treated rather thoroughly. For example, if the 
origin of involvement is in the posterior root of the spinal 
nerves we feel that treatment should be given paravertebrally 
and moderate voltage technic and 4 or 6 mm. of aluminum 
filtration with an output of approximately 200 to 250 r per 
field should be used. In the event that postherpetic pain has 
developed and that the lesion has not been treated in its early 
stages, a fairly large number of patients can be relieved by 
means of this treatment. The treatment usually has to be 
repeated at monthly intervals until two or three such treat- 
ments have been given. 

Hidradenitis Suppurativa. — This lesion involves the 
apocrine glands in the axillae, inguinal regions, perianal region 
and the mammary glands about the nipples. One or all of 
these regions may be involved. If the lesions are acute, rela- 
tively small doses of filtered radiation in the range of 75 to 
125 r are used. If the lesion is chronic, doses of approximately 
250 r are used and repeated at intervals of three to four weeks. 
Only in a small number of cases will roentgen rays alone pro- 
duce so good a result that no other procedure is necessary. In 
the average case, it is necessary to use local applications in 
conjunction with roentgen rays, as well as administration of 
some form of chemotherapy. In certain instances, it is neces- 
sary after the active phase has subsided to treat the involved 
region surgically and then do a skin graft. 

& Hyperhidrosis. — This condition is common to the feet: 
roentgen ravs are a helpful measure in controlling the amount 
of ner'piration. An initial treatment of approximately 1 unit 
(300 r unfiltered) should be used. There is usually an in- 
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crease in perspiration within the first week after the initial 
treatment. Treatment should be repeated in a month: if the 
results are not satisfactory, the third treatment should consist 
of filtered irradiation, in which approximately two-thirds of a 
threshhold erythema dose is used. If three such treatments 
do not produce satisfactory improvement, treatment should be 
discarded. 

Trichosis. — This condition, which so commonly is con- 
sidered suitable for roentgen therapy, should in our experience 
never be treated with roentgen rays. The dosage necessary to 
produce a permanent epilation is sufficient to produce cuta- 
neous damage and ultimately results in permanent changes. 

Keloid. — Keloidal formation, either postoperatively or as 
the result of bums, is usually amenable to treatment with 
roentgen rays. Approximately skin unit (225 r) should be 
given and this dose should he repeated monthly until three 
treatments have been given. A keloid which has been diag- 
nosed early in its development will respond to this amount of 
treatment and little residue will remain. If the lesion has been 
present more than a year or two, additional treatment to alter 
the keloidal formation and occasionally some filtered Irradia- 
tion is necessary. Under ordinary circumstances, it would take 
approximately six mouths for a keloid to subside: after the 
third treatment has been given, treatment should be discon- 
tinued for two or three months in order to determine the 
amount oi improvement before further treatment is considered. 

Mycosis Fimgoid.es. — As this condition is a manifestation 
of lymphoblastoma, the treatment selected depends on the 
amount of involvement. The cutaneous lesions should be 
treated with unfiltered or filtered irradiation, depending en- 
tirely on the size and depth of the lesion. In no instance should 
more than three-fourths of a threshhold erythema dose be 
used. If adenopathy is present, as is expected in a case of 
true Hodgkm's disease, more extensive treatment should be 
used in order to cover the active gland-bearing regions. After 
the lesions have subsided and only pigmentation remains, treat- 
ment should be interrupted and reconsidered only on appear- 
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ance of new lesions. In the treatment of this condition, it is 
advisable to study the erythrocytes and leukocytes in the blood. 
An occasional differential blood count should be made in order 
to determine the type of cells present. It is possible, with 
careful treatment, to keep a patient who has mycosis fungoides 
in relatively good general health for many years. 

Warts. — Warts, either the verruca plantaris or verruca 
vulgaris, receive the same treatment. Approximately 1500 to 
2000 r of unfiltered irradiation carefully confined to the lesion 
is adequate for the average lesion. If the lesion does not 
respond to one treatment, treatment with approximately the 
same dosage can be repeated after four to six weeks. With this 
method approximately 60 to 70 per cent of the lesions are 
curable. The greatest difficulty which may arise in the treat- 
ment of warts is that the roentgenologist may not protect the 
surrounding tissues adequately . When this occurs } consider- 
able irritation may result in the tissues surrounding the lesion 
and hence, considerable difficulty may be experienced by the 
patient. Dosages of more than 2000 r are suggested and have 
been used by some, but in my experience this amount of irra- 
diation is not necessary. 

Pruritus of the Anus and Vulva. — It is nty feeling that 
irradiation should be used for pruritus about the anus and the 
vulva only in selected cases. If the pruritus is extremely 
severe, it can be used as a palliative procedure and not more 
than approximately % skin unit of unfiltered radiation should 
be used. Because of the sensitivity of the mucous membrane 
about the rectum and vagina, much difficulty can arise as the 
result of the use of roentgen rays. We have found that it is 
especially important to be sure of the target skin distance be- 
cause of the irregularity of the surrounding anatomic struc- 
tures. Treatment of this type may be repeated at a specified 
interval, but treatment should be discarded if one treatment 
does not give the desired result. 

Psoriasis. This rather common condition responds to 

treatment with roentgen rays, but it is at best only palliative. 
Since the majority of patients who have psoriasis do not have 
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symptoms, except for the cosmetic appearance, roentgen rays 
should not be used. I say this because the condition undoubt- 
edly mil recur and irradiation can be used to the point of 
producing actinodennatitis and occasionally will result in 
development of an epithelioma. It has been our custom ne\ er 
to treat psoriasis with roentgen rays. However, a not uncom- 
mon complication in psoriasis is involvement of the fingernails 
and toenails associated with arthritis of the distal phalangeal 
joints. The use of roentgen rays in this complication is bene- 
ficial in both reducing the involvement of the nails and giving 
definite symptomatic relief from involvement of the joints. H e 
have used approximately two-thirds of a threshold erythema 
dose with moderate voltage technic, filtered through 4 or 6 
mm. of almumin um The treatments are repeated each month 
until two or three courses of treatment have been given. Be- 
cause of the relatively slow growth of the nails, approximate!}’ 
three months are necessary after the last treatment has been 
given in order to determine the results of treatment. 

MISCELLANEOUS CONDITIONS 

Fibroids. — The primary purpose of treatment of fibroids 
is to produce menopause, because it is well known that after 
the natural menopause occurs, fibroids tend to diminish in size. 
The selection of cases for this type of treatment must be made 
carefully because of the possibility tbat a malignant process 
might be present. Treatment is usually given through three 
fields. The fields measure approximately 15 by 15 cm., over 
the right and left lower quadrants of the abdomen anteriorly 
and over the sacral region posteriorly. The object of this plan 
of treatment is to irradiate adequately both ovaries and the 
uterus. The voltage used is between ISO and 200 kv. with a 
filtration of 0.75 mm. of copper and 1 mm. of aluminum; each 
field is given a suberythema dose of approximately 550 r. One 
treatment usually suffices to terminate menstruation per- 
manently. Once this has occurred the fibroids gradually dimin- 
ish in size, but maximal regression may require six to twelve 
months. 
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Asthma.— Approximately a sixth of all patients seen at the 
Clinic who have asthma are treated with roentgen rays. Of 
this group, at least SO per cent obtain some measure of relief 
and approximately 30 per cent are relieved markedly. This 
treatment is not a curative measure, but like all other measures 
for asthma is a palliative procedure. I have used treatment 
in two different ways, but the one to be suggested seems to give 
the best results. One field of treatment to the mediastinum 
anteriorly and one corresponding field to the mediastinum pos- 
teriorly are used. The fields are approximately 10 by IS cm.; 
the dosage is about 250 r to each field. The treatments are 
given with a moderate voltage technic with filtration through 
6 mm. of aluminum. Treatment is not repeated unless it is 
definitely indicated and then not until at least a month has 
elapsed. 

Menopause. — Indications for the necessity of creating an 
artificial menopause are apparent to any clinician. The treat- 
ment is identical with that suggested for the treatment of 
fibroids. After the treatment has been given, it is not uncom- 
mon for one or two periods of menstrual flow to follow at the 
normal interval, but this should cause little concern as the 
periods will undoubtedly cease thereafter. 

Ovarian Dysfunction. — This term covers a variety of 
ovarian conditions. The most common, however, are amenor- 
rhea, dysmenorrhea and sterility. It is necessary to select 
cases carefully for this type of treatment and decide whether 
the condition is attributable entirely to the ovaries or to both 
the ovaries and pituitary gland. Patients are treated according 
to the degree of involvement. Treatment is given to each 
ovary by the anterior approach and to the pituitar}' gland 
through bitemporal fields. A high-voltage technic of approx- 
imately 200 kv. ordinarily is used and a dose is not in excess of 
100 r per field. It usually takes two or three months to deter- 
mine the benefit derived from the treatment: treatment is not 
repeated unless it is specifically indicated. 
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The dozens of annual visitors to the Curie Hospital in 
Rochester. Minnesota, may be classified in one of the following 
groups: (1) the physician who wants to see some “r-ray 
work' 1 on his way to the depot at the end of his tour, (2) the 
roentgen rav specialist, who comes in to exchange ideas, (o) 
the nonroentgenologic specialist usually a surgeon, who wishes 
to gain some knowledge of newer technics in roentgenology as 
it afiects surgical practice and (4) the progressive general prac- 
titioner who is sincerely looking for information. It is for 
physicians in this latter group that this paper has been pre- 
pared, for it is believed that much valuable information which, 
unfortunately, it is almost impossible for them to obtain other- 
wise. can be supplied in this manner. 

If he is a physician who has been out of medical school 
fifteen years or more the average physician heard practically 
nothing about roentgen ray therapy when he was a student. 
On the other hand, if he is a more recent graduate, it is prob- 
able that in medical college he was forced to listen to some 
indifferently presented, technical lectures given by a professor 
who usually was a diagnostic roentgenologist, and during his 
internship, his interest in roentgenology was confined as a 
whole to review of roentgenograms made of patients on his 
service, so that he formed the opinion that the u x-ray picture' 5 
is the whole of roentgenology. During the time this physician 
has been in practice, it is likely that he has been too busy or 
too tired or too indifferent to read and study highly technical 
and highly specialized books and papers on roentgen ray 
therapy, even though they may be avaDable to him. 
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Possibly, at the meetings of such a physician’s state medical 
association, he has heard only about the treatment of some 
specific disease, or it may be, in some instances, that the paper 
that most appealed to him was scheduled for delivery at 8:30 
in the morning or at 4:30 in the afternoon, hours at which any- 
one’s receptivity, so to speak, is naturally very bad. In such 
circumstances, the probability is that the physician would not 
hear the paper read, but would wait to examine it when it ap- 
peared in print. Or, perhaps, he might intend to ask the roent- 
genologist in the hospital with which he is associated for “the 
dope on the subject.” Unfortunately, both he and the roent- 
genologist no doubt are busy men, so that the question is soon 
forgotten. 

If, on the other hand, the physician does attend the presen- 
tation of the paper in which he is interested, he may derive 
little benefit from it, because the speaker speaks too fast, too 
indistinctly, too technically or too long. The net result is that 
the physician learns little about roentgen therapy. 

The situation is different when the subject of keeping in- 
formed about advances in general medicine is concerned. To 
begin with, the general practitioner knows some of the vocabu- 
lary of the clinician; his interest and attention lie in medical 
fields, and detail men of various pharmaceutical houses have 
informed him about such things as the latest organic com- 
pounds and the vitamins and extracts of hormones which he 
mav never use in his practice. But nobody has kept him 
conversant with roentgen therapy. 

This paper was wmitten in an attempt partially, at least, 
to correct such a deficiency. In a field so rapidly expanding as 
the field of roentgen therapy, much in the matters of opinion 
and advice is controversial and unstable. Therefore, the views 
expressed herein are necessarily personal ones and are subject 
to challenge and contradiction by roentgenologic specialists. 
Nevertheless, an attempt will be made to answer the oft- 
repeated question of the general practitioner of medicine: 
“What mav roentgen rays be used for in my practice? 
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PRIME ESSENTIAL FACTORS IK ROENTGEN THERAPY 
I believe that almost the most important single factor in 
roentgen therapy is the application of the knowledge of the 
specific s ens itiveness of normal cells and of the tumors derived 
from them. Of perhaps equal importance is a thorough famil- 
iarity on the part of the roentgenologist with the pathologic 
anatomy of tumors in general and of the anatomic aspects of 
the lymphatic system through which elements of such tumors 
are disseminated. In third place I should list a knowledge of 
radiophysics. Since roentgen therapy is not a technic for 
engineers or for physicists to follow, but is in all essentials a 
discip lin e for physicians to embrace. I am of the opinion that 
the relationship of physics to roentgenology is comparable to 
the relationship of pharmacology to medicine, or that of anat- 
omy to surgery. Therefore., no one essential factor can be 
emphasized to the exclusion of the others. 

TYPES OE ROENTGEN RAYS NOW EMPLOYED 
In roentgen ray therapy four types of rays are in general 
use: (1) l<nc-vo!tagc roentgen rays, generated in intensities up 
to 103 kilovolts (100.000 volts), (2) moderate or medium- 
voltage roentgen rays, generated in intensities up to about 150 
kilovolts. (3) high-voltage roentgen rays, generated in inten- 
sities up to about 220 kilovolts, and (4) supcrvoltagc roentgen 
rap. generated in intensities from 400 to 1000 kilovolts and 
more. 

Because of the highly developed science of atomic physics, 
both the quality and the quantity oi a given beam of roentsen 
ra}T can be measured with precision. Developments in both 
physical and electrical technic enable the roentgenologist to 
have at his disposal safe and reliable apparatus for the devel- 
opment and administration of whatever dose oi roentsen ravs 
the clinical indications may demand. 

SPECIFIC SENSITIVENESS OF CELLS TO IRRADIATION 

As a result of the gradual accumulation of controlled ex- 
perimental evidence, the biologic basis of roentgen therapy is 
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firmly established. One of the most useful and important laws 
established on this experimental background is the so-called 
iaw of specific sensitiveness . This may be briefly explained: 
each kind of cell of which the normal human body is composed 
has a sensitiveness to radiant energy which is a peculiar and 
specific property of that cell, and which is different from the 
sensitiveness of other kinds of cells. This law is a corollary 
of the basic so-called law of Bergonie and Tribondeau: “the 
sensitivity of cells to radiation varies directly with the repro- 
ductive capacity of the cells and inversely with their degree 
of differentiation . 75 These laws explain the well-known fact 
that some cells react to low doses of roentgen rays, and that 
some cells are destroyed by doses of roentgen rays which only 
injure or which may not affect other cells. 

On the basis of their decreasing sensitiveness to roentgen 
rays, normal cells may be classified as follows: 


1* Lymphoid cells 

2. Polymorphonuclear cells and eosinophils 

3. Epithelial cells 

A. The epithelium of the salivary glands 

B. The epithelium of the testis and ovary 

C. The basal cells of 

a. The shin 

b. The mucous membranes 

c. The stomach 

d. The small intestine 

e. The lungs 

f. The liver and the bile ducts 

g. The kidneys 

4. Endothelial cells of the blood vessels, pleura, peritoneum 

5. Connective tissue cells 

6. Muscle tissue cells 

7. Osseous tissue cells 
S. Adipose tissue cells 
9. Nerve tissue cells 

Two reservations must be kept in mind concerning the 
foregoing classification. First, any kind of tissue, no matter 
what its°inherent sensitiveness, can be injured by a dose of 
roentgen rays sufficiently high: second, the radiosensitiveness 
of tissues as previously classified is subject to modification in 
certain nonessential details. 
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The so-called law of specific radiosensitiveness of cells is of 
the greatest importance in the roentgen ray treatment of tumors 
because tumors as a whole resemble in their range of sensitive- 
ness the normal tissues from which they are derived. There- 
fore. the specific radiosensitiveness of a tumor furnisher 
fundamental indications for both treatment and prognosis, and 
explains why some tumors are incurable by roentgen therapy. 

BIOLOGIC, HISTOLOGIC AND CYTOLOGIC EFFECTS OF ROENTGEN 
IRRADIATION 

Since the inception of roentgen therapy it has been known 
that all doses of roentgen rays produce an injury, and that the 
magnitude of the injury dealt by such rays depends on the 
magnitude of the dose absorbed. True stimulation of normal 
and pathologic tissues by small doses of roentgen rays incon- 
tiovertibly has been shown to be nonexistent. Even though 
the essential mechanism of the effects of absorbed roentgen 
rays on the cell is well understood, the basic underhung reac- 
tions which occur by means of which the growth of cells is 
inhibited or destroyed are still unknown. However, for pur- 
poses of discussion, the main biologic effects of such irradiation 
may be stated to be direct destruction oj the nucleus of the 
individual cell, and to some extent, exertion of an indirect 
c fleet on the blood vessels which supply the tissue affected. 
These twin effects follow in the course of other inflammatory 
reactions and end with the formation of scar tissue. The reac- 
tions will, oi course, van- according to the sensitivity of the 
tissue irradiated and also according to the dose of roentgen 
rays absorbed by the tissue. 

In this regard, it may be pointed out that much evidence 
exists to show that it is possible to overdose, so to speak, with 
roentgen raw-, and thereby to produce secondary and often 
deleterious inflammatory reactions which nullify the primary 
(curative) effect produced in the tissues irradiated. The role 
oi the factors which combine to produce this effect is largely 
not understood. Yet it has been known for many years that 
debilitated or cachectic patients do not tolerate roentgen ray 
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treatment well, and that their powers of response are minimal, 
probably because of depletion of their tissues’ power of recuper- 
ation or regeneration. When he is planning a dose of roentgen 
ra 3^ s for any lesion in a patient, the physician should keep in 
mind the ancient phrase, primo nil noccrc. 

Certain Minor Transient Effects of Roentg'en. Therapy. 

It has been stated herein that all doses of roentgen rays 
absorbed by the body produce an injury which is dependent on 
the magnitude of the dose of roentgen rays absorbed. Usually, 
these injuries are of little consequence, are temporary and are 
self-limiting, and, if the likelihood of their occurrence is re- 
membered, they can be minimized or avoided altogether. Cer- 
tain parts of the bod} 7 do not tolerate roentgen rays as well as 
do other parts. For example, the salivary glands are extremely 
radiosensitive. After exposing these glands to a direct dose of 
a half erythema or more, especially when the rays are penetrat- 
ing, there occurs within a few hours a swelling of the glands, 
w T hich may be confused with mumps by the inexperienced 
physician or by the patient. In the average case, however, the 
reaction subsides in a few T hours and no sequelae are noted, 
except perhaps a temporary dryness of the patient’s mouth. 
Also, the upper half oj the abdomen does not tolerate irradia- 
tion as well as does the pelvis or the thorax. The reason, of 
course, is the greater sensitiveness of the intestines in compari- 
son to the sensitiveness of the pelvic or thoracic organs. 

After administration of moderate doses of roentgen rays 
to anv part of the body there commonly occurs, wdthin a few 
hours, the x-ray reaction. The severity of this reaction de- 
pends on the part of the body irradiated and on the intensity 
of the dose applied. The reaction may be only a sensation of 
lassitude for a short time. This is the mildest type of reaction, 
and, since it is inevitable that some degree of reaction will oc- 
cur ' is the degree of reaction striven for as the ideal by the 
roentgenologist. Often, however, this particular symptom is 
accompanied by headache, loss of appetite, prostration of some 
decree nausea and often vomiting. Little can be done to 
relieve’ the reaction, which in the average case lasts only a 
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fevr hours. General medical treatment for a disturbed stomach 
usually is all that is necessary. However, in severe instances 
of this reaction, it may be necessary to administer a sedative 
asent. Many expedients have been used to prevent this reac- 
tion. Almost the only measures that have been found to be 
effective are thorough evacuation of the intestinal and urinary 
tracts before roentgen ray treatment, and reduction of the 
dose administered at one session. Severe reactions have been 
treated by many measures, such as the administration of sugar, 
of vitamin B. liver extract, nicotinic acid, or suppositories con- 
taining pentobarbital sodium. 

Since roentgen ray erythema has a benign course, little at- 
tention to the skin of the patient is necessary in the average 
case. If drugs which increase the sensitiveness of the skin 
have been employed, the dose of roentgen rays should be re- 
duced. If, for reasons of clinical expediency, a large dose must 
be administered (especially to a skin which has great sensitive- 
ness). the use of some bland lotion such as Dodd : s lotion may 
be recommended. The patient should be urged to avoid irri- 
tation of the skin by the application of heat, exposure to sun- 
light and by direct trauma. 

THE APPLICATION OF ROENTGEN RAYS IN THE TREATMENT OF 
MALIGNANT TUMORS 

Rationale of the Divided Dose. — If the dose of roentgen 
rays has been maintained within reasonable limits, repetition 
of treatment at suitable intervals (depending on the quality 
and quantity of the dose first administered) presents no risk. 
There is evidence to support the contention of some roentgen- 
ologists that all treatment should be administered with high- 
voltage roentgen rays because such treatment spares the skin, 
especially if the rays are heavily filtered. But it must be re- 
membered that sparing the skin should not be emphasized at 
the cost of neglect of the effect in the subcutaneous tissues 
Furthermore, since it is well known that both ervthema and 
•'reactions" can he produced by treatment with radium bomb* 
and packs which emanate gamma rays, it seems unlikely that 
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treatment well, and that their powers of response are minimal; 
probably because of depletion of their tissues r power of recuper- 
ation or regeneration. When he is planning a dose of roentgen 
rays for any lesion in a patient, the physician should keep in 
mind the ancient phrase, primo nil nocere . 

Certain Minor Transient Effects of Eoentgen Therapy, 
— It has been stated herein that all doses of roentgen rays 
absorbed by the body produce an injury which is dependent on 
the magnitude of the dose of roentgen rays absorbed. Usually, 
these injuries are of little consequence, are temporary and are 
self-limiting, and, if the likelihood of their occurrence is re- 
membered, they can be minimized or avoided altogether. Cer- 
tain parts of the body do not tolerate roentgen rays as well as 
do other parts. For example, the salivary glands are extremely 
radiosensitive. After exposing these glands to a direct dose of 
a half erythema or more, especially when the rays are penetrat- 
ing, there occurs within a few hours a swelling of the glands, 
which may be confused with mumps by the inexperienced 
physician or by the patient. In the average case, however, the 
reaction subsides in a few hours and no sequelae are noted, 
except perhaps a temporary dryness of the patient's mouth. 
Also, the upper half of the abdomen does not tolerate irradia- 
tion as well as does the pelvis or the thorax. The reason, of 
course, is the greater sensitiveness of the intestines in compari- 
son to the sensitiveness of the pelvic or thoracic organs. 

After administration of moderate doses of roentgen rays 
to any part of the body there commonly occurs, within a few 
hours, the x-ray reaction . The severity of this reaction de- 
pends on the part of the body irradiated and on the intensity 
of the dose applied. The reaction may be only a sensation of 
lassitude for a short time. This is the mildest type of reaction, 
and since it is inevitable that some degree of reaction will oc- 
cur * is the degree of reaction striven for as the ideal by the 
roentgenologist. Often, however, this particular symptom is 
accompanied by headache, loss of appetite, prostration of some 
decree nausea and often vomiting. Little can be done to 
relieve* the reaction, which in the average case lasts only a 
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tew hours. General medical treatment for a disturbed stomach 
usually is all that is necessary. However, in severe instances 
0 i this reaction, it may be necessary to administer a sedative 
asent. Many expedients have been used to prevent this reac- 
tion. Almost the only measures that have been found to be 
effective are thorough evacuation of the intestinal and urinary' 
tracts before roentgen ray treatment, and reduction of the 
dose administered at one session. Severe reactions have been 
treated bv many measures, such as the administration of sugar, 
of vitamin B. liver extract, nicotinic acid, or suppositories con- 
taining pentobarbital sodium. 

Since roentgen ray erythema has a benign course, little at- 
tention to the skin of the patient is necessary in the average 
case. It drugs which increase the sensitiveness of the skin 
have been employed, the dose of roentgen rays should be re- 
duced. If, for reasons of clinical expediency, a large dose must 
be administered ^especially to a skin which has great sensitive- 
ness). the use of some bland lotion such as Dodd's lotion may 
be recommended. The patient should be urged to avoid irri- 
tation of the skin by the application of heat, exposure to sun- 
light and by direct trauma. 

TEE APPLICATION OP ROENTGEN HAYS IN THE TREATMENT OF 
MALIGNANT TUMORS 

Ra.tioELale of the Divided Dose. — If the dose of roentgen 
rays has been maintained within reasonable limits, repetition 
of treatment at suitable intervals (depending on the quality 
and quantity of the dose first administered) presents no risk. 
There is evidence to support the contention of some roentgen- 
ologists that all treatment should be administered with high- 
voltage roentgen rays because such treatment spares the skin 
especially i i the rays are heavily filtered. But it must be re- 
numbered that sparing the skin should not be emphasized at 
the cost oi neglect of the effect in the subcutaneous tissues. 
Furthermore, since it is well known that both ervthema and 
-reactions ' can be produced by treatment with radium bombs 
and packs which emanate gamma rat-?, it seems unlikely that 
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there is a range of wavelengths of supervoltage roentgen rays 
which, in and by itself, confers immunity on the skin or other 
tissue. 

Because of the inescapable fact that all doses of roentgen 
rays produce a certain degree of injury, the object of clinical 
roentgen therapy is to inflict maximal damage to the tumor 
with as little effect on normal tissues as possible, after due 
consideration of the biologic and clinical factors which enter 
into production of the desirable effect, with control of these 
factors as far as is possible. 

It is obvious that the simplest way to minimize the effect 
of a dose of any medicament (and roentgen rays when clin- 
ically^ applied should be regarded in this light) is to divide the 
dose. This expedient, division of the dose, is as old as roentgen 
therapy. Division of the dose may be achieved in one of 
several ways. 

“Hit-and-miss” Treatment. — “Hit-and-miss” treatment is 
administered to the point of an effect, usually to the point of 
injury, to the skin. This sort of treatment must be categori- 
cal!} 7 condemned. 

Treatment “Every So Ojtcn .” — Division of the dose also 
may take the form of treatment administered “ever} 7 so often ” 
Under such a circumstance an effect may be obtained by ad- 
ministering a single dose, which is repeated at the option of the 
one who administers the treatment. This sort of treatment 
commonly leads to unsatisfactory results and. if it is not accu- 
rately controlled, is a common cause of roentgenologic injuries. 

Simple Fr actioned Dose . — A third form of division of dose 
is simple fraction. By this technic a prescribed quantitative 
dose is administered in halves or quarters or even smaller frac- 
tions. for reasons of clinical expediency, usually to minimize 
the “reaction” of the patient, who. generally, is not in good 


physical condition. 

“Saturation” Treatment —A fourth method of division of 
the dose is administration of the total dose by the “saturation 

method” or some modification of it. 

Protracted-fractional Treatment. A fifth method ,, d iw- 
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Sion of the dose according to the protracted-fractional technic. 

In the employment of this technic many times the number of 
roentsens which would produce an erythema dose ii adminis- 
tered at one session can be applied to suitable tumors by suit- 
able control of the physical factors of the do^e and the time 
and spatial relationships of these factors. 

It should be stated in passing that the protracted-fractional 
method of treatment is at present the most favored of all 
types, and treatment by other methods is regarded by some 
roentgenologists as decidedly inferior. In fairness, it should 
be stated that the method in question is of undoubted value in 
therapy for certain tumors, but that the advisability of general 
application of the protracted-fractional treatment to all tumors* 
regardless of their structure and situation, still is unsettled. 
Therefore, tire exact status of the protracted-fractional method 
cannot be stated with finality, even though it offers much 
promise in the treatment of certain intra-oral and other lesions. 
At any rate, the method certainly is not a “cure-all* 55 and it 
should be used by none but expert roentgen therapists if its 
true value is to be established. 

The Anatomic Arrangement of Treatment* — At this 
point it might be advisable to mention the fact that visitors to 
the Curie Hospital in Rochester commonly ask. “How much do 
you give such and such a lesion?” but very rarely, “'How do 
you arrange the treatment of such and such a lesion?” Aly 
conception, and this conception is based on long observation 
is that the quantity of roentgen rays administered is less im- 
portant than the anatomic arrangement of the treatment. Too 
much care cannot be taken in “setting up” the patient, so that 
he may comfortably endure the often tedious administration of 
the dose. It is important, also, to check and supervise the lay- 
ing out of the fields of treatment with reference to the lesion 
and the direction of the roentgen ray beams through it. The 
surgeon would not attempt an operation on a gallbladder with- 
out adequate surgical training and adequate equipment. Xor 
would the surgeon follow the directions for the operation so 
implicitly as they might be given in a textbook. Unfortu- 
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nately, however, roentgen ray treatment is often administered 
by prescription, sometimes by those whose main and only qual- 
ification for the exacting work is possession of an .r-ray 
machine. Too many physical and biologic variables are opera- 
tive in therapeutic roentgenology to permit the substitution of 
mechanical equipment for mental equipment. 

The Factor of Massive Doses. — Recent publicity has 
placed in the minds of many people and in the minds of phys- 
icians in general the conception that power and equipment in 
themselves assure excellence of treatment. It is thought that 
the more powerful the #-ray machine, the better will be the 
results of treatment. Although it is true, in general, that the 
main effect of roentgen rays on a tumor is a direct killing 
effect proportional to the dose of roentgen rays absorbed by 
the tumor, which absorption in turn is proportional to the 
magnitude of the physical components by means of which it 
is produced, there are nevertheless clinical and biologic roent- 
genologic effects which are inexplicable on the basis of the 
application of the curves of roentgen ray penetration. Many 
roentgenologists have insisted that both normal and pathologic 
tissues enter into the complex usually called “the clinical 
effect.” On the basis of purely theoretic considerations, it 
would be ideal to increase the penetration of roentgen rays to 
the highest possible point. But in doing so, the factor must be 
considered of possible damage to normal surrounding tissues 
on which, unfortunately, hard roentgen rays confer no im- 
munity but do, it is true, approach fulfillment of the ideal of 
highest depth dosage. 

Those experienced in roentgenology have seen the fallacy 
of what might be called “the power drive against cancer’’ mani- 
fested too often to agree with the contention that the equip- 
ment with which roentgenologic treatment is administered is ol 
fundamental importance, for the best of equipment in itself 
does not confer expertness on its user. The method by which 
a dose of roentgen rays is administered to a patient is of 
treater importance than the physical components of the dose. 

In other words, the .r-ray machine is at most only the tool of 
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the phvsidan who operates it. Clinical judgment and experi- 
ence never can be replaced in roentgen therapy by the short 
course, or bv the administration of treatment by prescriptions 
from textbooks. And as a matter of fact, to judge by my own 
experience, based on results of treatment which I have seen, 
the powers of the x-ray machine in some cases have been far 
bevond the capabilities of whoever used it. 

’ The Erythema Dose of Roentgen Rays.— In the appli- 
cation of roentgen rays to all tissues of the body, clinical 
dosimetry is based on the erythema dose. The erythema dose 
serves several important functions, for not only is it an indi- 
cation of the biologic effect by observation of which other 
effects can be compared, hut also, it serves as a limit to which 
the skin can be “loaded.** so to speak, and by evaluation of it 
in physical terms, a unit for all dosimetry is obtained. Even 
though it has been shown that the erythema dose is not accu- 
rately definable, it still may be said to possess a sufficient 
degree of precision to be used in practical clinical roentgen- 
ology. Erythema as pertaining to roentgen therapy may be 
defined as “a faint redness of the skin appearing one or two 
weeks after roentgen ray treatment, lasting about a month and 
fading to a tanning, leaving no visible cutaneous changes other 
than the pigmentation.^ 

It has been shown that the erythema dose depends on many 
factors of biologic importance, among them the quantitative 
dose administered in a single treatment, and to a lesser extent, 
the quality (wavelength) of the roentgen ray beam. Like all 
biologic reactions, the reaction of the skin to constant doses of 
roentgen rays varies within certain limits, so that exact evalua- 
tion of this reaction in terms of physical constants is impos- 
sible. Some types of skin are more sensitive than others, such 
as. for example, the thin, velvety skin of blond persons, and 
parts of the body, such as the perineum and axilla. Other 
parts are somewhat more resistant, such as the skin of the face 
(except the eyelids). Even though the skin of some persons 
is more sensitive than the skins of others, it is universally agreed 
that true idiosyncrasy for roentgen rat's does not exist. Even 
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though exact evaluation of the erythema dose in terms of pre- 
cise physical constants is impossible, the fact should be kept 
in mind that it is possible, nevertheless, to arrive at an approx- 
imate evaluation of it in physical constants in relation to the 
different types of roentgen rays now in common use. Such an 
evaluation is contained in Table 1. 


TABLE 1 


Erythema Dose of Roextgen R\\s iv Terms 

of Roextgens* 

Roentgen Rays, 

Dose at One 

Intensity in 

Session, in 

Kilovolts 

Roentgens 

Up to 100 . 

300 to 400 

100 to 160 

550 to 600 

160 to 220 

600 to 700 

220 to 400 

900 to 1000 

More than 600 

1000 to 1200 


* See text for definition of “roentgen.” 


It might be advisable at this point to define the “roentgen,” 
which is, as has been implied, the internationally accepted 
constant b}^ means of which the quantity of roentgen rays is 
measured. A “roentgen” may be said to be; “The quantity of 
x or gamma radiation such as that which the associated cor- 
puscular emission per 0.001293 gram of air produces in air 
ions carrying 1 e.s.u. of quantit}^ of electricity of either sign.” 

It has been stated elsewhere that “the living world knows 
no constants/ 7 This aphorism should be kept in the physician’s 
mind in the application of physical methods of precision to 
evaluation of effects in the complex and variable biologic con- 
stituency of the human body, for the measurement of a vari- 
able cannot but lead to inconstant values. 

Roentgen Rays Employed According to Types of 
Tumors. — As I have alread}" mentioned (in the section, 
“Types of roentgen rays now employed’ 7 ), generally there are 
four types of roentgen rays which are used for treatment. The 
application of these roentgen rays in the treatment of malig- 
nant tumors can be summarized somewhat as follows: 

Low-voliagc Roentgen Rays.— Low-voltage roentgen rays 
are used in the treatment of superficial lesions or tumor a, when 
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production of a direct intense e&'ect is possible., because of lack 
of intervening tissue between the surface of the skin and the 
tumor. Rodent ulcer is a lesion commonly treated by these 
roentgen rays. 

Moderate-voltage Roentgen Rays .— Roentgen rays of mod- 
erate voltage can be employed when the tumor is not deeply 
seated (and in this particular circumstance depth is to be re- 
garded as a relative term) or when the tumor is known to have 
a high degree of radiosensitiveness. In the section with which 
I am associated at the Clinic such roentgen rays have their 
greatest application in the treatment of the majority of pa- 
tients who have lymphoblastoma, and in the treatment of those 
who have intra-abdominal and intrathoracic metastasis of 
radiosensitive tumors-, and in the postoperative treatment of 
patients who have carcinoma of the breast. The clinical 
efficacy of treatment with rays generated at moderate voltage 
in properly selected cases cannot be explained entirely on the 
basis of physical considerations of depth of dose. 

High-Voltage Roentgen Rays . — High-voltage roentgen rays 
are those commonly used in so-called deep roentgen therapy. 
This term is a misnomer, since all roentgen therapy is more or 
less ‘‘deep." In my experience irradiation of this quality is 
best reserved for deep-seated tumors: for example, those situ- 
ated in the pelvis, or those of known resistance to roentgen 
rays, such as tumors of the brain, tumors of the kidney and 
metastatic invasion of lymph nodes in the neck. Unlike many 
other roentgenologists, I feel that the use of penetrating roent- 
gen rays, especially in high dosages, definitely should be car- 
ried out only after strict indications. To me. at least, it seems 
that the routine use of roentgen rays of a voltage of 200 kv. 
in the postoperative treatment of patients who have lesions of 
the breast is unnecessary, for injurious eSects of absorption in 
the lung are not infrequently encountered after such treat- 
ment: also. I feel that at best these reactions produced in pul- 
monary tissues have nothing whatever to do with the response 
of the lesion theoretically present in the thoracic wall. Also, 
the indiscriminate use of protracted-fractional roentgen ray 
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treatment at a voltage of 200 kv., with high filtration of the 
sensitive lesions of lymphoblastoma or seminoma, does no! 
seem to me to be wise. 

Supervoltage Roentge7i Rays. — Supervoltage roentgen 
therapy still is partly in the experimental stage. When a deep- 
seated resistant pelvic, thoracic, or abdominal tumor is thought 
to require the largest doses consistent with the safety of over- 
lying tissues, such irradiation may be indicated. Aside from 
its theoretic advantage of higher depth dose and perhaps better 
toleration by both the skin and the patient of such treatment, 
the clinical status of supervoltage roentgen therapy is yet to be 
established. 

THE FOUR ROENTGENOLOGIC SUBDIVISIONS OF TUMORS 

Without further elaboration, it may be said that the radio- 
sensitiveness of tumors parallels that of their normal cellular 
prototypes. This conception permits rapid subdivision of all 
tumors into four classes: (1) those which theoretically and 
under ideal conditions can be cured by roentgen rays because 
they are radiosensitive, (2) those in the treatment of which 
roentgen rays should be combined with other methods, (3) 
those which cannot be cured by roentgen rays because of their 
resistance to these rays and (4) those in which treatment by 
roentgen rays is still experimental. 

This subdivision or classification of tumors is subject to 
further modification, depending on the stage of the tumor at 
the time the patient visits the physician for treatment, and the 
efficacy of other nonrocntgcnologic or radiologic methods of 
treatment. It may happen that the surgical results of treat- 
ment of a given lesion are so successful that roentgen ray 
treatment of it may be accorded secondary consideration, no 
matter what the theoretic reactivity of the particular tumor 
mav be. 

It is a long established general principle that the best treat- 
ment for malignant tumors in general is surgical operation. 
That principle necessarily limits the field of application of 
roentgen rav therapv largely to inoperable tumors, or to tumors 
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the surgical ablation of which Mould be accompanied by exces- 
sive risk to the patients. For this reason, decision as to alloca- 
tion of tumor-afflicted patients for primarily roentgenologic or 
primarily surgical treatment is a decision which will be based 
on the experience of each tumor clinic. As a rule, it ma> be 
said that those tumors concerning the cure of which least hope 
is entertained are the tumors which are treated by means of 
roentgen rays. Hence, comparison of the value of methods of 
treatment, roentgenologic or otherwise, should be made only 
after due consideration of the many factors involved, such as 
the stage of the disease at the time the patients were encoun- 
tered. index of the malignancy of the lesion, condition of the 
patients in the group or groups under consideration, and the 
like. 

Realizing that any classification of tumors with respect to 
the best method of treatment is subject to great variation in 
personal opinion. I nevertheless (with more or less trepidation) 
submit the following classification. Tumors which are placed 
in one category may, in the opinion of others, belong elsewhere. 
In fact, some tumors which I regard as being suitable for roent- 
gen ray treatment may be regarded by others as “nonroent- 
genologic,' 1 * * * 5 so to speak. Similarly, the value of various meth- 
ods of roentgen ray treatment according to my standards is 
subject to controversy. 

1. TUMORS FOR WHICH ROENTGEN RAY TREATMENT IS T HE 
METHOD OF CHOICE 

Lymphoblastoma and Leukemia.— Practically all 

authorities are unanimous in regarding roentgen ray irradiation 

as the best method of treatment for lymphoblastoma and the 

various types of leukemia. There is no doubt about the pallia- 
tion produced by roentgen ray therapy in all cases in this 
group. Xot only does roentgen ray treatment, correctly admin- 
istered. alleviate symptoms and increase the efficiency of all 
patients afflicted with lymphoblastoma, but also it mav some- 
times be a lifesaving measure, and in exceptional cases mav 
produce "cureT Regardless of all refinements of the patho- 
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logic phase in which the disease is diagnosed, and irrespective 
of the hematologic observations in a specific case, all types of 
leukemia and subclassifications of lymphoblastoma probably 
are best regarded as representing different phases of the same 
disease, with the same general treatment indicated, and having 
the same prognosis. Unlike others, I, substantiated by the 
work of Desjardins, regard this group of tumors as represent- 
ing a malignant condition, and one in which true cure seldom 
can be obtained. Since the tumors are characterized by a high 
radiosensitiveness, the degree of which can be predicted on 
the basis of the known sensitiveness of the normal cells from 
which the tumors are derived, it seems to me that application 
of extreme doses is not indicated in this particular disease. 
Since, in the average case, the tumor is not confined to a single 
group of lymph nodes, more or less general treatment would 
seem to be indicated. Lacking any proof of a contrary view, 

I favor the use of “moderate-voltage,” treatment in the aver- 
age instance of the disease. In my experience the use of such 
a technic has produced clinical results equal, if not indeed 
superior, to those produced by other methods of treatment, 
and it is not accompanied by undue risk and is well tolerated 
by the average patient. 

Since the cause of this group of diseases is unknown, treat' 
ment of them has an empiric foundation. The protean mani- 
festations of the various types of lymphoblastoma possibly are 
less extensive than those of syphilis, and the prognosis after 
treatment is very variable. In general, prognosis would seem 
to depend on the acuteness or the chronicity of the disease at 
the time treatment is instituted. No other method of treat- 
ment has been so greatly efficient as roentgen ray irradiation, 
which almost invariably, if correctly administered, palliates 
symptoms. But in spite of improvement in the patient's con- 
dition which often is of long duration, the disease tends to 
recur the efficacy of roentgen ray treatment tends to decrease, 
and in most cases the outcome, after a varying degree of im- 
provement of varying duration in the condition of the patient, 

is fatal. 
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Since in our experience the palliation produced by roentgen 
rays of moderate voltage is at least as good as that produced 
by other methods, and since such irradiation is accompanied 
by less risk and expense to the average patient, we prefer to 
employ roentgen rays of moderate, rather than high, voltage 
for routine treatment in my section at the Clinic. The impor- 
tance of careful medical supervision in the interval between 
treatments cannot, according to our experience at the Clinic, 
be overemphasized. The course of the disease, the pitfalls in 
the diagnosis and treatment of it, together with indications for 
the avoidance of such pitfalls, have been dealt with in detail 
elsewhere, and will not be discussed herein in greater detail at 
present. 

Efficacy oj Treatment . — It may be asked “Since roentgen 
rays can't cure them, what's the use of treating them?' 1 To be 
fair, the same criterion should be applied to the efficiency of all 
methods of treatment of all diseases. It must be admitted in fair- 
ness that, with the few exceptions in which a specific method of 
treatment is available, all therapeutic measures are at best 
only palliative. Strictly speaking, no medical procedure has 
made man immortal. Therefore, all treatment can be said to 
be at most palliative. If, therefore, a contrast is made between 
the course of treated lymphoblastoma and nontreated lympho- 
blastoma. as judged by results, the value of roentgen rav 
treatment needs no proof. The average patient who has 
lymphoblastoma, treated or untreated, dies within three years 
of the institution of roentgen ray treatment. Nevertheless, 
patients whose condition is chronic may survive five, ten or 
more years after roentgen ray treatment, depending on the 
thoroughness of treatment and the excellence of follow-up 
care. The comfort and efficiency of all patients are greater 
after roentgen ray treatment than before, to judge bv the ex- 
perience of all authors. 

Carcinoma of the Cervix. — In essentials, the roentsen 
ray treatment of carcinoma of the cervix is about as follows: 
Preceding treatment of the cervical lesion with radium, a cross- 
fire of the pelvis directed at the parametrium is outlined 
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through four to six fields, depending on the size of the patient 
and the stage and degree of malignancy of the tumor as deter- 
mined by biops}' and by pelvic examination. The total dose 
administered to each field, the arrangement of the fields and 
other details of treatment are not standardized, but are subject 
to the experience of the individual roentgen therapist. Nearly 
all authorities decry preoperative treatment for carcinoma of 
the cervix and are in accord with the dictum, “once inoper- 
able, always inoperable.” Furthermore, in practically no clinic 
is treatment of carcinoma of the cervix carried out without 
both radium and roentgen ray treatment of the primary lesion. 

Technical details of both the radium treatment and roentgen 
ray treatment of carcinoma of the cervix are beyond the scope 
of this presentation. Nevertheless, regardless of the method 
of treatment employed, exclusively radiologic treatment in all 
cases of carcinoma of the cervix will result in an average pro- 
longation of life of five years in about 25 per cent of cases. This 
figure compared favorably with that for prolongation of life 
achieved by radical surgical operation in carefully selected cases 
in which the procedure is carried out by the most expert surgeons. 
If the physician considers that roentgenologic methods of treat- 
ment of carcinoma of the cervix are accompanied by practically 
no mortality and less morbidity (or at worst, less mortality 
and morbidity than those which accompany the average surg- 
ical treatment) he probabl\ r will have little hesitancy in refer- 
ring his patients suffering from carcinoma of the cervix to the 
expert radiologist rather than to the expert surgeon. The pro- 
cedure to be followed in the exceptional case in which the 
lesion is in an early stage may be divided best on the merits of 
the facilities available. 

In some clinics roentgen therapy is regarded as the method 
of choice for carcinoma of the cervix, carcinoma of the mouth 
and carcinoma of the larynx. However, in most centers the 
best treatment of early lesions in all groups is considered to be 
surgical, supplemented by judicious treatment with radium. 
Roentgen therapy is reserved for those lesions which are in- 



ROENTGEN BAY TREATMENT OR MALIGNANT TUMORS 991 

operable, or which are of the highest grades of malignancy 

according to the Broders index. 

Intra-oral Carcinoma. — Intra-oral carcinoma is another 
lesion which in some centers is regarded as representing a non- 
surgical" disease. Since the radical surgical treatment of most 
intra-oral lesions involves an extensive, mutilating operation 
accompanied by a not inconsiderable mortality rate, most con- 
servative sturgeons favor reliance on some procedure less radical 
than complete surgical ablation of the disease, supplemented 
by interstitial radium and external irradiation by means of 
radium packs or high-voltage roentgen rays. Modern opinion 
tends to avoid radical surgical operations for the grade 4 
(Broders' classification) intra-oral tumors, and to rely on 
roentgenologic methods of treatment. Among roentgenologic 
methods, that of protractcd-iractional treatment is at present 
much favored because it seems to oner the best prognosis. 

Detailed discussion of the various roentgenologic treat- 
ments of the various types of intra-oral carcinoma, their indi- 
cations. technic and contraindications would lead the reader 
too far afield., and therefore will: be' omitted from the present 
exposition. Regardless of the method of treatment employed, 
statistics indicate- that after patients who have intra-oral cancer 
are treated by the best clinics 25 per cent of them will survive 
for five years. In the hands of experts, radiologic treatment in 
selected cases has produced results about as good as those 
obtained by expert surgeons in-comparable cases. Regardless 
of statistical results, it would appear that the tendency through- 
out the world generally is away from the radical surgical treat- 
ment of intra-oral carcinoma, and more and more toward 
radiologic methods. Whether the preferred treatment is a 
radium or a roentgen ray technic is at present an open question 
among radiologic specialists. In spile of voluminous literature 
on the subject, the answer to the problem of the best treatment 
m a given case of intra-oral carcinoma can be approached after 
consideration of a multitude of factors by the clinician, the 
surgeon and the radiologist, and in such a consideration there 
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are few hard and fast rules to be followed, and few specific 
indications that are of assistance. 

Carcinoma of the Larynx. — Few malignant tumors have 
been the subjects of as many papers as has been carcinoma of 
the larynx. Arguments in favor of surgical treatment of this 
disease have been refuted by as many arguments in favor of 
radiologic methods. Some enthusiastic and perhaps radically 
inclined authors have, in fact, advocated no type of surgical 
operation for any lesion, but rather, complete reliance on roent- 
gen rays or radium. If the working rule is kept in mind that 
the indications for radiologic methods are indirectly propor- 
tional to the skill and experience of the surgeon, the ardor of 
various authors for various methods of treatment can be more 
intelligently evaluated. It is an indubitable fact that in certain 
hands, at least, radiologic methods entail less risk to the patient 
and offer a better outlook than surgical methods. However, 
fair comparison of the efficacy of various methods is best ob- 
tained by a comparison of the methods in the hands of various 
equalty efficient experts. 

From the variety and apparent confusion of opinions stated 
in the literature the following conclusions (with many reserva- 
tions) can be advanced: Intrinsic operable carcinoma of the 
larynx is best treated by laryngectomy. Certain operable 
lesions of the highest degrees of malignancy may best be con- 
sidered as suitable for radium or roentgen therapy. Extrinsic 
cancer of the larynx, in the opinion of most authors, is best 
treated roentgenologically or radiologically, and at present the 
better form of these two methods seems to be protracted-frac- 
tional roentgen ray treatment. Statistically, a comparison of 
results of surgical and radiologic or roentgenologic methods of 
the treatment of carcinoma of the larynx would have contro- 
versial and nonconclusive results . 

2 TUMORS m THE TREATMENT OF WHICH ROENTGEN RAYS 
ARE BEST COMBINED WITH OTHER METHODS 

This group of lesions comprises the great majority of 
tumors for which patients are referred for roentgen ray treat- 
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ment. It is in the treatment of these tumors that roentgen 
rays have their greatest application and in which the exact 
value of each component used in the treatment as a whole 
cannot be evaluated exactly. However, it can be stated as a 
generalization that the value of roentgen rays and their impor- 
tance in improvement of the (statistical) results of treatment 
are indirect!}' proportional to the value of other methods. 
Resardless of the percentile composition of statistical results, 
it is the consensus that the average tumor of low radiosensitive- 
ness is best treated surgically and that roentgen rays be used 
after the operation in the form of a prophylactic procedure. 
The importance of roentgen rays in this regard is intangible 
and not subject to correct or accurate evaluation; however, the 
more closely a tumor approaches inoperability, the greater is 
the importance of roentgen ray treatment. 

TumoTS of the Hervous System. — Tumors of the brain, 
the cerebellum and the whole nervous system, on general prin- 
ciples. should be expected to be radioresistant, since all normal 
cells and tissues of the nervous system are refractory to 
roentgen rays. As a working rule, surgical extirpation of all 
brain tumors and other tumors of the nervous system should 
be advocated. Barring complete surgical removah biopsy of 
tissue from the lesion should be conducted to furnish the indi- 
cations for roentgen ray treatment and to provide a clue to 
prognosis. The response of tumors of the nervous system to 
roentgen rays depends on their cellular composition. The more 
immature and undifferentiated the cells, the higher is their 
radiosensitiveness and the better in general is the prognosis. 
\ et in the evaluation of all methods of treatment of tumors of 
the nervous system, be such methods surgical or radiologic or 
roentgenologic, it should be remembered that the same type of 
tumor in various situations has a varying prognosis, and that 
different tumors in the same situation have a different prog- 
nosis. Because of the inherent low radiosensitiveness of all 
tumors of nervous-tissue origin, the response to roentgen rav 
therapy by tumors of the nervous system is low. The same 
general evaluation can be placed on the roentgen ray treatment 
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of tumors of appendages of the nervous system, such as 
pituitary tumors. 

Even though the exact status of the roentgen ray treatment 
of cerebral tumors has not been established definitely, it seems 
to be a fact that patients who had tumors of the nervous sys- 
tem and who have undergone postoperative roentgen ray treat- 
ment as a whole do better than patients who had tumors of the 
nervous system and who did not undergo postoperative roent- 
gen ray treatment. But because of the numerous variables 
involved in the clinical evaluation of tumors of the nervous 
system — even without treatment — the value of roentgen ray 
treatment for such lesions is at present an open question. Sim- 
ilarly, it is not established which is the best procedure to follow 
in roentgen ray treatment. Since the tissues of the normal 
nervous system are known to be comparatively resistant to 
roentgen rays, and since the most sensitive component type of 
tissue is the endothelium of the vessels, powerful doses of 
roentgen rays to the limit of sensitiveness of the vascular sys- 
tem would seem indicated. 

At the Clinic, as a result of a somewhat extensive experi- 
ence with the postoperative roentgen ray treatment of tumors 
of the nervous system, we have decided to use a six-field cross- 
fire of the patient’s head with a dose of about 550 r per field. 
This dose is repeated at intervals of two months, once or twice, 
depending on the clinical indications. At present we know of 
no reason which might cause us to favor protracted-fractional 
treatment of such tumors with great elevation of the total dose. 
To date, our experience with such technics has been decidedly 
unsatisfacton r . When the present technic of treatment has 
been employed, undue reactions of the patient have not been 
observed. We have not seen the alarming elevation of intra- 
cerebral pressure described by others, nor have we encountered 
injury of the scalp or of the vessels supplying it, or in fact, 
injury of those supplying the brain. Meanwhile, since the 
value of postoperative roentgen ray treatment for tumors of the 
nervous svstem still is not settled, we can see no reason to 
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advocate extremely intensive or even radical methods of roent- 
een ray treatment of such tumors. 

Malignant Tumors of the Eye. — Tumors of the eye are 
uncommon. It probably is a fact that malignant tumors of the 
conjunctiva are the most common of tumors of the eye. As a 
general rule, they are best treated vrith lightly filtered radium 
rather than vrith roentgen rays because of the technical diffi- 
culties involved in treatment. However, after shielding of the 
eveball bv the insertion of a correctly formed lead plate under 
the lids, a dose of roentgen rays sufficient to destroy most 
tumors in this region can be administered without injury to the 
eyeball. Melanoma oj the retina is highly malignant and 
highly resistant to roentgen therapy and is best treated by 
surgical removal of the contents of the orbit. As a precaution- 
ary measure, postoperative roentgen ray treatment should be 
administered, even though its value is uncertain. Primary 
tumors of the bone or cartilage of the orbit are not suitable 
tor roentgen therapy. 

Malignant Tumors of the Salivary Glands.- — Primary 
malignant tumors of the salivary glands, according to the best 
available evidence, ate best extirpated surgically. An excep- 
tion should be made in Mikulicz's disease, which is best re- 
garded as being a form of lymphoblastoma. Tumors of the 
carotid body , according to all authorities, exhibit minimal re- 
sponse to even the highest doses of roentgen rays and thus 
treatment of such tumors is surgical. Cystic hygroma, al- 
though it is of low malignancy, is best treated with roentgen 
rays or radium because of the high incidence of infection which 
accompanies surgical operation, and the difficulty' of complete 
surgical removal of the lymph-filled cysts. 

Metastatic Tumor of the Lymph Nodes of the Neck.— 
This has been the subject of more radiologic and roentgeno- 
logic controversy than perhaps any other type of malignant 
tumor. Most are highly radioresistant, and the relative values 
of radical surgical operation and radiologic procedures con- 
stitute a question which is still unsettled. Similarly, the status 
of block dissection still is a matter of opinion. Because of the 
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inherent resistance of metastatic cancer in the cervical nodes, 
doses of roentgen rays as high as are consistent with tolerable 
injury of normal cervical structures seem indicated. Treat- 
ment therefore is best carried out by the protracted-fractional 
technic. 

Malignant Tumors of the Thyroid Gland.— Tumors of 
the thyroid gland seldom are diagnosed preoperatively. After 
complete surgical removal of the primary tumor, prophylactic 
roentgen ray treatment should be applied to the neck and 
to the mediastinum. Paradoxically, mterthoracic metastasis 
from cancer of the thyroid gland actually is a favorable field 
for roentgen therapjr. As a rule, effusion and the metastatic 
tumor both disappear after judiciously administered doses of 
roentgen rays. So far as is known, sufficient evidence is not 
available to establish the value of roentgen rays as constituting 
a primary method of treatment of carcinoma of the thyroid 
gland. 

Carcinoma of the Breast. — Roentgen therapy for car- 
cinoma of the breast is a subject worthy of a monograph at 
least Since the natural course of an untreated cancer of the 
breast may involve a long period and since some tumors are 
relatively benign, any attempts at evaluation of methods of 
treatment of mammary carcinoma are subject to many in- 
stances of exception. It is the universal opinion that the best 
treatment for an operable carcinoma of the breast is early and 
radical surgical operation. Even though certain workers have 
produced notable results by roentgen therapy in certain 
selected cases in which the condition was operable, there are 
some who regard radiologic and roentgenologic methods of 
treatment as mere technical exercises, hardly applicable to the 
general treatment of carcinoma of the breast. To be fair, how- 
ever, it must be admitted that almost everywhere patients who 
have cancer and for whom the prognosis is favorable are oper- 
ated on, and patients who have cancer and for whom the prog- 
nosis is unfavorable are treated radiological^. For this reason, 
exact unbiased evaluation of roentgen therapy or radium 
therapy and of surgical operation is impossible, because of lack 
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of sufficiently large groups of strictly comparable cases which 
misht serve in such an evaluation. 

~ Preoperative Roentgen Therapy— Theoretically, preopera- 
Uve roentgen ray treatment should be of very high value. 
However, little incontrovertible evidence in support of this 
point can be adduced by review of the literature. In the first 
place, there is little agreement among radiologists and roent- 
genologists as to the best method of treatment of carcinoma of 
the breast, either in regard to the distribution of fields or in 
regard to the dose to be delivered to each field. It is the 
experience of most clinics that preoperative treatment has not 
achieved particularly valuable results. Many radiologists and 
roentgenologists hesitate to take the responsibility of treating 
a patient whose condition is strictly operable. 

Postoperative Roentgen Therapy . — If radical surgical oper- 
ation for carcinoma of the breast has any justification; and if it 
does fulfill the ideal of complete removal of all carcinomatous 
tissue from the field of operation, there is no real need for 
postoperative roentgen ray treatment, except, perhaps theo- 
retically to destroy cancer cells which might have escaped into 
the wound during operation. As a result of postoperative ob- 
servation of many patients who bad carcinoma of the breast, 
my personal opinion is that postoperative roentgen ray treat- 
ment in such cases adds little in the matter of improvement to 
the results of a well-done radical surgical operation. Among 
patients whom I have treated, the incidence of postoperative 
recurrence of carcinomatous tissue in the scar or in the axilla, 
both of which parts have been treated completely by operation, 
has been low. It is metastasis to the supraclavicular space and 
to the bones of the spinal column and pelvis which has caused 
greatest concern. From a theoretic point of view, postopera- 
tive roentgen ray irradiation of the spinal column and pelvis is 
to be advised. Since it has been demonstrated that in car- 
cinoma of the breast the prognosis depends in general on the 
degree of malignancy of the tumor in the breast and the extent 
of glandular involvement, the status of roentgen rays in the 
improvement oi the prognosis is uncertain, especially in view 
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of the well-known variation in clinical malignancy which is 
manifested by carcinoma of the breast. 

Therapeutic Sterilization in Cancer oj the Breast.— Lately, 
much has been written about the value of therapeutic steriliza- 
tion of women of child-bearing ages who have carcinoma of the 
breast. There exists, it is true, normpl interaction between the 
breast and the ovary. Nevertheless, this normal relationship 
is so imperfectly understood that it would be extremely hazard- 
ous to postulate the nature of this relationship in the presence 
of abnormal conditions, specifically, in the presence of car- 
cinoma of the breast. Further, the subject of the normal 
occurrence in the body of carcinogenic hormones still is too 
indefinite to permit establishment of the seat of their origin 
as being either the breast or the ovary. Therapeutic steriliza- 
tion is to be recommended as a largely theoretic measure. 

High-voltage Treatment . — Another open question in the 
consideration of roentgen ray treatment of cancer of the breast 
is the use of “high-voltage” (200 kv.) roentgen rays. My view 
is that as a general rule roentgen rays of such voltage are 
neither necessary nor indicated. There is no doubt that depth- 
dose increases as kilovoltage is increased, and that roentgen 
rays of 200 kv. produce a greater depth absorption than do 
roentgen rays of moderate voltage. But, since I am convinced 
that treatment of the lung as a side effect offers little of value 
in the treatment of postoperative carcinoma of the breast and 
that it is accompanied by far greater risk to the patient, I do 
not favor, in any but the very exceptional case, technics in 
which roentgen rays of 200 kv. are used. 

Treatment of Recurrent Cancer . — Postoperative recurrence 
of cancer in the operative scar is treated well by no known 
method. In general, if the recurrent tumor can be removed 
surgically, such a procedure is to be advised. If the recurrent 
neoplasm ? is inoperable roentgen ray irradiation remains as a 
possible measure but the best technic of treatment still is an 
open question. In general, large doses of “soft” roentgen rays 
seem to be indicated. But since recurrence after operation and 
postoperative roentgen ray treatment is evidence of either high 
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ma&nancv or hffih resistance of the tumor to roentgen rays, 
the efficacy of roentge* rays in the destruction or prevention 
of further recurrence is doubtful if not minimal. 

Treatment oj Hctastascs from Cancer oj the Breast.— 
Roentgen xavs constitute the method of choice in the treatment 
of osseous metastasis from cancer of the breast. After cor- 
rectly administered treatment, pain in the back or in the dis- 
tribution of the sciatic nerves in most cases is relieved, and 
provided that the general condition of the patient is not too 
bad to preclude it, ossification of the metastatic foci in the 
bones of the spinal column and pelvis commonly occurs. 

No one would or does advocate roentgen ray treatment of 
metastasis from cancer of the breast to the liver . As a matter 
of common experience, it is agreed that the reaction of the 
patient after adequate treatment of this lesion is too 
severe and the result too poor to justify continuation of the 
method. 

Metastasis to the lungs from cancer of the breast is a proc- 
ess the treatment of which must be decided on the merits of 
the individual condition. Again as a matter of common expe- 
rience. it is agreed that roentgen ray treatment will do little 
more than to relieve pain in this condition and decrease the 
amount and frequency of the malignant effusion. However, 
since some tumors of the breast, which unfortunately are un- 
predictable. have a sensitiveness, which is little less than that 
of lymphoblastoma, a patient suffering from pulmonarv can- 
cerous metastasis deserves to have a course of roentgen ray 
treatment provided she is in condition to receive it. But in 
such circumstances moderate doses should be used, with the 
realization that treatment is at best experimental and of doubt- 
ful value. 

Metastasis to the axillary lymph jiodcs after postoperative 
roentgen ray treatment, like metastasis to the supraclavicular 
lymph nodes, is a bad sign. Roentgen ray treatment, no 
matter how it is administered in such cases, is at most a pallia- 
tive procedure oi doubtful value. Since the efficacy of post- 
operative roentgen ray treatment, to judge by the incidence of 
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recurrence, has been so low, there is little likelihood that addi- 
tional roentgen ray treatment will be of very great value. 

Inoperable Carcinoma oj the Breast . — Some types of ulcer- 
ated inoperable primary carcinoma of the breast may be well 
treated by palliative simple removal of the breast, followed by 
roentgen ray therapy, but since the prognosis obviously is poor 
in such circumstances, it hardly seems advisable to use such 
doses as would be applicable to patients for whom there was a 
better prognosis. 

Other t}^pes of inoperable carcinoma of the breast may be 
treated roentgenologically. The choice of method of treatment 
depends on many factors and is best settled according to the 
indications in the individual case. Some types of inoperable 
carcinoma of the breast may receive marked palliation from 
the insertion of radium needles, supplemented by the admin- 
istration of roentgen rays. In our experience at the Clinic, 
treatment by the “method of multiple converging beams” has 
produced the best results. After such treatment pain is re- 
lieved, discharge is lessened and the local condition of the 
patient is improved. It is not at all uncommon after adequate 
treatment for ulcers to heal and as a result the patient enjoys 
a period of palliation welcomed by both herself and her rela- 
tives. Provided she is in condition to endure it, w r e of the 
Section on Therapeutic Roentgenology feel that every patient 
who has inoperable carcinoma of the breast deserves to have 
the benefit of at least one mild course of roentgen ray treat- 
ment. 

Brondriogenic Carcinoma. — Theoretically, pneumonec- 
tomy offers the patient suffering from primary bronchiogenic 
carcinoma the best chance for permanent cure, provided that 
he or she survives the operation, w'hich even in the most expert 
hands still is accompanied by a formidable mortality rate. 
Radical operation as a rule is reserved for those patients who 
are in good physical condition, who have a relatively small 
localized tumor, and who are willing to sustain the risk asso- 
ciated with pneumonectomy. Roentgen ray treatment , on the 
other hand, usually is administered in those cases in which the 
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outlook is less favorable or in which the patients are unfitted 
for radical operation or refuse it. Therefore, fair companion 
of the value of roentgen rays and surgery in the treatment of 
bronchio genic cancer is difficult, for. obviously, the conditions 
of patients who have operable lesions and patients who have 
inoperable lesions are not comparable. Regardless of the 
status of the patients and the technics by means of which the\ 
were treated, evidence has been adduced recently to show that 
the length of life of the patient who has untreated cancer of 
the bronchi (the usual length of life in such cases is at most a 
year after proof of the diagnosis) in most instances may be 
increased more than a year by roentgen ray therapy. 

Malignant Tumors of the Kidney. — The normal kidney 
ranks high among tissues which are resistant to roentgen rays. 
It could be predicted, therefore, that tumors of the kidney 
would not be suitable for roentgen ray treatment. Such is 
indeed the case, to judge by the published results of roentgen 
ray treatment. Most authors agree that once the diagnosis 
of tumor of the kidney has been established positive!}', the 
best treatment for the patient is nephrectomy . However, 
recent works on the preoperative roentgen ray treatment seem 
to show that such therapy improves the prognosis in instances 
of renal tumor in which the outlook is grave, once the diagnosis 
has been definitely established, no matter how the patient is 
treated thereafter. 

One type of tumor of the kidney deserves special attention. 
This is the cmhrvonaf carcinoma of the kidney, commonly 
known as tf W3ms tumor.” The extreme radiosensitiveness of 
this tumor among children often serves as an important point 
in the differential diagnosis, and greatly assists in the distinc- 
tion of this lesion from other swellings of the kidney. The 
rapid regression of this tumor after the administration of 
moderate or even mild doses of roentgen rays is one of its 
characteristics. However, the course of this tumor illustrates 
only too well the fact that radiosensitiveness does riot assure 
curability, for the known cures of this tumor after roentgen 
therapy with or without surgical operation are so few as to be 



1002 


EUGENE T. LEDDY 


practically nonexistent. Whether or not refinements of roent- 
gen ray technic in the future will improve the poor end results 
of treatment of this highly radiosensitive tumor is a question 
for speculation and hope. 

Hypernephroma is a collective term applicable to tumors of 
the kidney and suprarenal gland without much attention being 
given to the true nature of the lesion. Since it is agreed that 
the normal suprarenal gland offers the highest resistance to 
roentgen raj's, the prediction that suprarenal tumors will not 
regress after roentgen ray treatment is substantiated by the 
experience of most authors. 

Carcinoma of the Bladder. — The experience of most 
roentgen therapists in the treatment of cancer of the bladder 
is too limited to permit formation of conclusions as to the im- 
portance or the actual value of the method. However, all in- 
vestigators seem to be agreed that a patient who has tumor of 
the bladder scarred by diathermy or operative procedures or 
by the insertion of radium does not do so w r ell after roentgen 
ray treatment as a patient who has a comparable tumor that 
has not been so treated. Most authors seem to regard car- 
cinoma of the bladder as a fairly radiosensitive lesion, let, m 
the question as to the best method of treatment for this lesion 
there is little to be said. My own personal experience causes 
me to tend to oppose protracted-fractional roentgen ray treat- 
ment and to favor milder methods. 

Malignant Tumors of the Testis. — Ordinarily, tumors of 
the testis are called “teratomas.” The term is a poor one be- 
cause much evidence exists which seems to prove that the most 
common tumor of the testis is the seminoma , or embryonal car- 
cinoma , and that as a matter of fact, true teratoma is rare. 
Much has been written about the importance of the hormonal 
relationships of testicular tumors, but a critical analysis of the 
evidence assigned to such relationships would reveal little that 
is of diagnostic or prognostic significance. Seminoma of the 
testis has one important characteristic; it is highly sensitive 
to roentgen rays. High radiosensitiveness is to be expected o 
this tumor, since the normal cells from which it is derne are 
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themselves hiahlv radiosensitive. Opinion as to the best treat- 
ment for tumors of the testis is at present unsettled. Many 
authors seem to doubt the advisability of orchidectoniv. in view 
of the fact that the primary testicular tumor usually can be 
treated satisfactorily by roentgen rays which treatment is ac- 
companied be no danger whatever of injury of the other 
(normal) testis. There seems to be little justification for the 
surgical practice of excision of a testis in cases in which ab- 
dominal metastasis has occurred. In connection with the clin- 
ical phases of intra-abdominal metastasis from testicular 
tumors, the reader is referred to the excellent exposition of 
the subject in the many papers of Desjardins. 

The prognosis in seminoma of the testis after administra- 
tion of roentgen ray therapy, if abdominal metastasis is not 
present, is such that about 60 per cent of patients so treated 
will survive for five years. If. on the contrary, retroperitoneal 
metastasis has taken place at the time roentgen ray treatment 
is administered, the best results that can be expected are that 
about 30 per cent of such patients will survive for five years. 
The importance of early treatment in the presence of this 
lesion is therefore evident. 

Points in Treatment . — A few points should be emphasized 
concerning the roentgen ray treatment of tumors of the testis. 
True teratoma and true carcinoma of the testis are rare, as 
has been mentioned previously. When they have been proved 
to be present, radical and intensive roentgen ray treatment is 
indicated on general principles. If percentage based on in- 
cidence is accepted as being important in the diagnosis of 
testicular tumors, the statistical chances are that a tumor of 
unknown nature will be a seminoma. The response of the 
lesion to roentgen ray treatment will verify or nullify the tenta- 
tive diagnosis. Since the mode of spread and the time rela- 
tionships of metastasis of seminoma of the testis are definitely 
known, it seems to me, at least, a waste of time to devote 
maximal attention to irradiation of the groin on the homolo- 
gous side of the tumor, a technic which seems to be in common 
use. It does not seem wise to me to administer doses of high- 
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voltage roentgen rays, which produce maximal systemic injury, 
in the treatment of a lesion which is characterized by extreme 
radiosensitiveness. As a matter of fact, published results of 
the treatment of testicular seminoma by radium and high- 
voltage roentgen rays, are not superior to those obtained by 
milder treatment. 

Malignant Tumors of the Ovary. — For reasons that are 
not apparent, the radiosensitiveness of tumors of the ovary is 
not in accordance with the radiosensitiveness which would be 
predicted on the basis of the radiosensitiveness of the normal 
ovary. The factors which cause this apparent contradiction 
are uncertain and largely unknown. That the normal ovary is 
extremely sensitive to roentgen rays is universally agreed. As 
a result of this knowledge, the production of undesired roent- 
genologic effects on the ovary is carefully avoided by all roent- 
gen therapists when fields which may include the ovary are 
irradiated for any reason. Menstrual disturbances of some 
degree unfortunately are common after irradiation of pelvic 
lesions, in spite of all precautions. Ovarian tumors, contrary 
to expectation, generally are of indifferent if not indeed min- 
imal radiosensitiveness. 

Such a state of circumstances is due, in a way, perhaps, to 
the uncertainty of the nature of a given ovarian tumor when 
the patient presents herself for roentgen ray therapy because 
of the multiplicity of the pathologic classifications of ovarian 
tumors. As a result of this situation a roentgen therapist 
naturally is much hampered in his attempt to base his dosage 
on the theoretical radiosensftiveness of the given tumor. As a 
whole, then, treatment of ovarian tumors is most conservatively 
regarded as being primarify surgical. The prognosis may be 
improved by postoperative roentgen ray treatment of the pelvic 
viscera. Much recent literature seems to emphasize the value 
of postoperative roentgen ray treatment, but to date the details 
of such treatment are subject to many individual variations 
depending on the individual roentgenologist. 

Malignant Tumors of Bone.— It is a maxim in therap- 
eutic roentgenology that if a tumor of bone responds to roem- 
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sen rav or radium treatment, the tumor cannot be an osteogenic 
'sarcoma. On the other hand, the high radiosensitiveness of 
endothelioma of bone is universally recognized. Therefore, the 
response of a questionable tumor of bone to roentgen ray treat- 
ment may provide differential diagnostic indications of ines- 
timable importance. The same is true of the roentgen ra\ 
treatment of malignant central sarcomas in distinction to 
benign giant cell tumors, the latter of which usually respond 
well to roentgen ray treatment. The whole field of treatment 
for tumors of bone is in such a state of uncertainty clinically 
that it is not possible, on the basis of established fact, to advo- 
cate either surgical operation or roentgen therapy, alone or in 
combination, in the treatment of malignant tumors of bone. In 
this field, as in probably no other, much confusion exists in 
regard to both pathologic classification of the lesions and indi- 
cations for the various methods of treatment of the lesions. 

Carcinoma of the Rectum. — Recent work has tended to 
show the great value of radium treatment as an adjunct to 
radical surgical treatment for carcinoma of the rectum. Some 
tumors operable in even' sense have been cured by radium 
therapy alone, and as a result the usual surgical treatment has 
been found to be unnecessary. It must be admitted, however, 
that roentgen therapy, no matter what the dose has been, has 
been found to be or questionable value as a primary curative 
procedure. Whether future developments in the application 
of roentgen rays will augment their importance is a question 
which the future alone can decide. 

3. TUMORS IN THE TREATMENT OF WHICH ROENTGEN RAYS 
ARE OP QUESTIONABLE OR NO VALUE 

On general principles it can be stated that tumors derived 
from normal cells of the lowest sensitiveness to roentgen ravs 
cannot be treated successfully with such rays. This assump- 
don is in fact supported by general clinical experience. There 
is a group 01 tumors, some of which are ox rare occurrence it 
is true, for which roentgen ray treatment to all practical pur- 
poses can be regarded as useless. In the present state of 
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voltage roentgen rays, which produce maximal systemic injury, 
in the treatment of a lesion which is characterized by extreme 
radiosensitiveness. As a matter of fact, published results of 
the treatment of testicular seminoma by radium and high- 
voltage roentgen rays, are not superior to those obtained by 
milder treatment. 

Malignant Tumors of the Ovary. — For reasons that are 
not apparent, the radiosensitiveness of tumors of the ovary is 
not in accordance with the radiosensitiveness which would be 
predicted on the basis of the radiosensitiveness of the normal 
ovary. The factors which cause this apparent contradiction 
are uncertain and largely unknown. That the normal ovary is 
extreme^ sensitive to roentgen rays is universally agreed. As 
a result of this knowledge, the production of undesired roent- 
genologic effects on the ovary is carefully avoided by all roent- 
gen therapists when fields which may include the ovary are 
irradiated for any reason. Menstrual disturbances of some 
degree unfortunately are common after irradiation of pelvic 
lesions, in spite of all precautions. Ovarian tumors, contrary 
to expectation, generally are of indifferent if not indeed min- 
imal radiosensitiveness. 

Such a state of circumstances is due, in a way, perhaps, to 
the uncertainty of the nature of a given ovarian tumor when 
the patient presents herself for roentgen ray therapy because 
of the multiplicity of the pathologic classifications of ovarian 
tumors. As a result of this situation a roentgen therapist 
naturally is much hampered in his attempt to base his dosage 
on the theoretical radiosensitiveness of the given tumor. As a 
whole, then, treatment of ovarian tumors is most conservatively 
regarded as being primarily surgical. The prognosis may be 
improved by postoperative roentgen ray treatment of the pelvic 
viscera. Much recent literature seems to emphasize the value 
of postoperative roentgen ray treatment, but to date the details 
of such treatment are subject to many individual variations 
depending on the individual roentgenologist. 

Malignant Tumors of Bone. — It is a maxim in therap- 
eutic roentgenology that if a tumor of bone responds to roent- 
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sen ray or radium treatment, the tumor cannot be an osteogenic 
'sarcoma. On the other hand, the high radiosensitiveness of 
endothelioma of bone is universally recognized. Therefore, the 
response of a questionable tumor of bone to roentgen ray treat- 
ment may provide differential diagnostic indications of ines- 
timable importance. The same is true of the roentgen ray 
treatment of malignant central sarcomas in distinction to 
benign giant cell tumors, the latter of which usually respond 
well to roentsen rav treatment. The whole field of treatment 
for tumors of bone is in such a state of uncertainty clinically 
that it is not possible, on the basis of established fact, to advo- 
cate either surgical operation or roentgen therapy, alone or in 
combination, in the treatment of malignant tumors of bone. In 
this field, as in probably no other, much confusion exists in 
regard to both pathologic classification of the lesions and indi- 
cations for the various methods of treatment of the lesions. 

Carcinoma of the Rectum. — Recent work has tended to 
show the great value of radium treatment as an adjunct to 
radical surgical treatment for carcinoma of the rectum. Some 
tumors operable in every sense have been cured by radium 
therapy alone, and as a result the usual surgical treatment has 
been found to be unnecessary. It must be admitted, however, 
that roentgen therapy, no matter what the dose has been, has 
been found to be of questionable value as a primary curative 
procedure. Whether future developments in the application 
of roentgen rays will augment their importance is a question 
which the future alone can decide. 

3. TUMORS IN THE TREATMENT OF WHICH ROENTGEN RAYS 
ARE OF QUESTIONABLE OR NO VALUE 

On general principles it can be stated that tumors derived 
from normal cells of the lowest sensitiveness to roentgen rays 
cannot be treated successfully with such rays. This assump- 
don is in fact supported by general clinical experience. There 
is a group of tumors, some of which are of rare occurrence it 
is true, for which roentgen rav treatment to all practical pur- 
poses can be regarded as useless. In the present state of 
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knowledge, roentgen ray treatment of carcinoma of the gastro- 
intestinal tract , with the possible exception of cancer of the 
rectum and colon as previously noted, can be considered to be 
useless. This comparative uselessness arises from the fact 
of the resistance of gastro-intestinal carcinoma to roentgen rays 
and the comparative sensitiveness of the normal surrounding 
structures to roentgen rays. For this reason, it is technically 
impossible to produce a satisfactory effect on a gastro-intestinal 
tumor without coincident severe injury to normal structures, 
the radiosensitiveness of which is comparatively great. 

Roentgen ray treatment also is of questionable value in the 
treatment of carcinoma of the fundus of the uterus. The best 
treatment for this condition, according to all authorities, is 
primarily surgical. The value of roentgen rays in the destruc- 
tion of cells which have escaped from the uterus into the para- 
metrium seems to be more theoretic than actual. 

Most gynecologists agree that fibroid tumors are best 
treated according to the indications found at exploratory oper- 
ation, whether the findings indicate myomectomy or ly'sterec- 
tomy. However, in certain cases in which operation is 
contraindicated, a “menopause dose” of roentgen rays has 
produced the desired clinical regression of the uterine tumor. 
Even though some authorities have insisted that all treatment 
of fibroid tumors always be carried out by means of roentgen 
rays, there are others of equal eminence who insist that the 
primary treatment should be surgical. Since the application 
of both methods entails minimal risk to the patient and since 
both methods produce results which generally are satisfactory, 
it must in truth be stated that in the treatment of fibroid 
tumors roentgen rays are of questionable value. In this con- 
nection the word “questionable” should be interpreted to mean 
“unestablished,” with reference to the importance of other 
methods of treatment. 

It was stated previously herein that if a tumor of bone will 
regress under roentgen ray treatment it cannot be a true osteo- 
genic sarcoma. Cure by roentgen ray treatment alone in a 
case of proved malignant periosteal sarcoma is, so far as I 
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know, unknown. The value of roentgen therapy as a prophyl- 
actic measure after amputation also is questionable. 

Many observers feel that Ewing's tumor (endothelioma of 
bone) is a specialized form of lymphoblastoma, in much the 
same sense that the various types of leukemia are so regarded. 

At any rate, this tumor is characterized' by its high radio- 
sensitiveness. This characteristic is of great importance in 
the distinction of this lesion from other osseous lesions in those 
cases in which the roentgenologic and histopathologic obser\ a- 
tions are obscure or inconclusive. In the treatment of this 
lesion the importance of operation and of irradiation is still the 
subject of much controversy. Because of the high radiosen- 
sitiveness of this tumor, extreme doses of roentgen rays are 
not necessary or desirable, especially because of the possibility 
of production of injury to the growing bones of the young pa- 
tients whom this lesion commonly afflicts. In spite of complete 
local control of the tumor which is possible by means of admin- 
istration of roentgen rays, tire disease usually is fatal because 
of metastasis to the lung. From a palliative, rather than a 
curative, point of view the importance of administration of 
roentgen rays in this condition is outstanding: in exceptional 
cases roentgen ray treatment alone may result in ‘“cure.” 

Malignant melanoma and its related type of tumor, fibro- 
sarcoma, are in the experience of most roentgenologists among 
the least favorable tumors for roentgen ray therapy. If a 
favorable clinical response is noted in the treatment of an 
alleged malignant melanoma, the observer would be con- 
strained to question the diagnosis. Definite distinction must 
be made between a benign mole and a malignant melanoma. 
In spite of temporary regression of a melanoma after roentgen 
ray treatment, the lesion must be regarded as being extremelv 
malignant and not radiosensitive, and, as a rule, as causing 
death. The same point of view must be adopted in regard to 
the roentgen ray treatment of fibrosarcoma of soft tissues. 

The experience of most roentgen therapists with the roent- 
gen ray treatment of carcinoma of the prostate gland has been 
unsatisfactory. However, tire analgesic effect of roentgen ray 
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irradiation in this condition makes a trial of such treatment 

worthwhile. 

4. TUMORS THE TREATMENT OF WHICH WITH ROENTGEN RAYS 
IS EXPERIMENTAL 

In this category must be included all tumors subjected to 
supervoltage roentgen ray treatment. If it is admitted that 
patients so treated are beyond hope of benefit from the ordi- 
nary methods of treatment, the lack of favorable response so 
commonly reported after supervoltage roentgen ray treatment 
can be explained easily. The theoretic advantages of admin- 
istration of extremely “hard” roentgen rays, as far as clinical 
reports are concerned, are still not outstanding. The same 
point of view obtains in evaluation of results of treatment by 
artificially created radioactive substances. 

COMMENT 

I have tried to emphasize the fact that roentgen ray treat- 
ment alone is advisable only occasionally, and that in fact 
there are certain definite limitations to its application which I 
have tried to point out herein. To complete the present ex- 
position logically it must be admitted that there are certain 
definite contraindications to roentgen ray treatment itself. 
Among these may be mentioned undoubted operability of the 
lesion, advanced cachexia of the patient, the presence of mul- 
tiple metastasis, demonstration of a tumor of known excessive 
radioresistance, and finally, rare instances in which extensive 
widely disseminated tumor is present but in which the patient 
remains in comparatively good condition. 

In the planning of roentgen ray treatment for a given pa- 
tient who has a given lesion , the primary question which the 
roentgenologist should answer for himself is, “Can I, if I am 
fortunate, cure tin's patient?” If the answer is in the affirm- 
ative no effort should be spared to administer sufficient treat- 
ment to the patient, even at the expense of production of some 
bodily injury. But the intensity of this dose should be decided 
only after most careful analysis of the radiosensitiveness of the 
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tumor involved and the regenerative powers of the patient. In 
the final analysis, the reactivity of the patient is the most im- 
portant point of consideration, and yet the most indefinable 
factor. Xo physician in the world wishes to hill both a tumor 
and the patient who has it. Vet this can be done if roentgen 
ray treatment is incorrectly administered. 

In most cases, however., the question is net one of cure, but 
of palliation, and the question to be answered is not how much, 
but how little, treatment will obtain for tire patient the best 
result after due consideration bas been made of the disturb- 
ance. if not actual misery, the patient will sustain in such 
treatment and also the expense the patient will have to meet. 

CONCLUSIONS 

The roentgenologist should ash himself the question which 
the visiting physician asks, much to the embarrassment of the 
roentgenologist: “Exactly what is roentgen ray treatment good 
for?" The answer to this question is contained in the problem 
which should urge the roentgenologist to strive for better 
results by the employment of better methods of treatment. 
However, the fact should be kept constantly in mind that the 
rationale of roentgen therapy for malignant tumors still is 
purely empirical since neither the exact nature of tumors nor 
the exact effect on them is known, that probably neither the 
roentgen nor the - angstrom is the answer to the problem of 
cancer, and that no method of roentgenologic or radium treat- 
ment has been proved to cure 51 per cent of tumors as they are 
encountered in practice. For in truth, the problem of the 
average roentgenologist has not been radically simplified by 
progress in the early diagnosis of malignant tumors, for his 
daily work is now. just as it has been for the past twenty years, 
not the cure, but the palliation, of cancer which is usually in 
advanced stage hy the time he encounters the patient. 
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ROENTGENOLOGIC RISKS SUSTAINED BY THE PHYS- 
ICIAN NOT TRAINED IN ROENTGENOLOGY 

Eugene T. Leddy 


All informed physicians recognize roentgenologic examina- 
tion as an invaluable method of diagnosis in both medical and 
surd cal practice. Recent propaganda tends to emphasize this 
importance of roentgenology to the extent that many conscien- 
tious physicians who lack roentgenologic equipment of their 
own may be led to doubt their ability to cam* out honest, com- 
plete and conclusive examinations of their patients without 
such equipment. In practically all American medical journals, 
advertisements, which usually are embellished by reproduc- 
tions of technically perfect roentgenograms, urge the purchase 
of roentgenologic equipment. 

But nowhere in the advertising is the physician made 
acquainted with the risks to himself that the operation of his 
own roentgenologic equipment may entail. Xor do the medical 
texts contain much information about these risks or how they 
can be minimized or avoided altogether. Obviously it is not 
the function of the manufacturers of roentgenologic equipment 
to teach physicians how to operate the apparatus any more 
than it is that of manufacturers of automobiles to teach pur- 
chasers to drive. The toll of operators' life and limb in both 
cases is attributed to lack of training or experience or to indif- 
ference or carelessness on the part of those same operators. 

If it is permissible to judge from the physician patients 
encountered at one clinic, more and more physicians are sus- 
taining injury from the operation of their own roentgenologic 
equipment. In the years 1919 to 1939 inclusive.. 135 phys- 
icians came to the Mayo Clinic for advice about, or treatment 
of. injuries which they had sustained from roentgen rays and 
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which usually were of the severest types. For the purpose of 
analysis, which has been presented in detail elsewhere, only 
cases in which the severest injuries had occurred were included: 
seventy-two cases of severe telangiectasis and keratosis, twenty- 
four cases of ulcer and thirty-nine cases of proved epithelioma. 
It should be kept in mind that all these injuries were self- 
inflicted and were the result, in most cases, of roentgenologic 
examination of patients by the physicians concerned, only eight 
of whom had had any special roentgenologic training. All of 
the eight just mentioned were roentgenologists, but none of 
them had used the recommended methods of protection until 
after they had been injured. The most common sites of injury 
were the backs of the fingers and hands, and of the fingers 
the left index was the most frequently and most severely 
damaged. The face and eyes were, surprisingly, comparatively 
free from injury. 

Actually more physicians are being seen each year because 
of injuries from radiation. This may be the result of one of 
three factors: (1) more physicians than formerly may be 
coming to the Clinic for consultation, (2) an increased number 
of physicians may be acquiring radiodermatitis, (3) possibly 
the diagnosis of radiodermatitis is being made more often than 
it used to be made. Be these considerations as they may, it 
seems logical to explain the increase by saying that more phys- 
icians than formerly actually are receiving injuries from roent- 
gen rays. It is impossible to state whether the injuries encoun- 
tered, although of recent appearance were, in some cases, the 
result of cumulative overdosage for a period of years. In some 
instances, however, the injuries were the result of a single over- 
dose sustained during one examination. 

Because so many of these self-sustained injuries are mani- 
fested by physicians with little training who “do a little .r-ray 
work” on fractures or use roentgen rays otherwise in their 
practices, one wonders what the incidence of injury in the 
future may be, and how these injuries may be prevented or 
minimized. Until recently a saving feature has been that 
efficient apparatus has been rather expensive. But hesitation 
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on the physician's part to purchase roentgenologic apparatus 
seems to be disappearing. For this reason, unless information 
concerning the dangers and methods of protection against them 
are widely disseminated, a considerably higher incidence of 
roentgenologic injuries is to be expected in the future than has 
been obtained in the pash 

The Roentgenoscopic Reduction of Fractures— Re- 
duction of fractures by means of roentgenoscopy was the 
maneuver in the course oi which ninety -one of the 135 ph\j>- 
icians were injured. The shocking fact came to light that 
seventy-eight of the physicians who injured themselves in this 
way had not used protection of any kind, and that thirteen 
others had used lead rubber gloves only after the injury had 
become apparent. Some of these physicians thought the der- 
matitis was of an allergic nature or that it was caused by 
soaps or disinfecting solutions used in the operating room; even 
then they did not wear protecting gloves, but spared the injured 
hand and subjected the other hand to damaging doses of roent- 
gen rays. Other physicians sustained severe radiodemiatitis 
from a single examination; made in most cases shortly after 
installation of the roentgenologic equipment. 

The backs aj the fingers and hands are most severely in- 
jured during roentgenoscopic reduction of a fracture because 
these parts lie nearest the roentgen tube. During manipula- 
tion and reduction of a fracture, the thumb of the operator is 
protected by the limb of the patient which intervenes between 
the operator s fingers and his thumb. Since some fractures are 
difficult to reduce and to maintain in apposition, it is not at all 
unusual for an operator who is indifferent to the radiation out- 
put of his machine to ran it for twenty minutes or more and 
in this way to subject his fingers, and perhaps also the limb of 
the patient, to many times the safe dose in a single exposure. 
Or else a physician who does considerable fracture work mav 
be injured because he exposes himself too frequently to doses 
uhich may be safe in themselves, but the effect of which ac- 
cumulates. because of incomplete recovery of the injured part, 
until severe injury is produced. 
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which usually were of the severest types. For the purpose of 
analysis, which has been presented in detail elsewhere, only 
cases in which the severest injuries had occurred were included: 
seventy-two cases of severe telangiectasis and keratosis , twenty- 
four cases of ulcer and thirty-nine cases of proved epithelioma. 
It should be kept in mind that all these injuries were self- 
inflicted and were the result, in most cases, of roentgenologic 
examination of patients by the physicians concerned, only eight 
of whom had had any special roentgenologic training. All of 
the eight just mentioned were roentgenologists, but none of 
them had used the recommended methods of protection until 
after they had been injured. The most common sites of injury 
were the backs of the fingers and hands, and of the fingers 
the left index was the most frequently and most severely 
damaged. The face and eyes were, surprisingly, comparatively 
free from injury. 

Actually more physicians are being seen each year because 
of injuries from radiation. This may be the result of one of 
three factors: (1) more physicians than formerly may be 
coming to the Clinic for consultation, (2) an increased number 
of physicians may be acquiring radiodermatitis, (3) possibly 
the diagnosis of radiodermatitis is being made more often than 
it used to be made. Be these considerations as they may, it 
seems logical to explain the increase by saying that more phys- 
icians than formerly actually are receiving injuries from roent- 
gen rays. It is impossible to state whether the injuries encoun- 
tered, although of recent appearance were, in some cases, the 
result of cumulative overdosage for a period of years. In some 
instances, however, the injuries were the result of a single over- 
dose sustained during one examination. 

Because so many of these self-sustained injuries are mani- 
fested by physicians with little training who “do a little x-ray 
work” on fractures or use roentgen rays otherwise in their 
practices, one wonders what the incidence of injury in the 
future may be, and how these injuries may be prevented or 
minimized. Until recently a saving feature has been that 
efficient apparatus has been rather expensive. But hesitation 
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visual adaptation. But. above all things, impatience should 
be avoided. Correctly adapted eyes permit visualization of 
the limb and its manipulation with the lowest (and therefore 
safest) factors governing intensity of roentgen rays. 

In spite of their clumsiness and bulkiness and general in- 
convenience, lead rubber gloves should be worn during all 
stages of the reduction of fractures under the Suoroscope. This 
single expedient — the wearing of lead rubber gloves -is the 
most important protective measure which the operator can use 
and it should be used in even' case without exception. Theo- 
retically, mechanical manipulation of the fractured limb should 
be substituted for manual methods wherever possible. How- 
ever, the use of this safety procedure is of importance secon- 
dary to those mentioned. The adoption of a technic of making 
roentgenograms rapidly in the operating room is to be recom- 
mended to those whose work entails frequent reduction of 
fractures and to those to whom adoption of the means of pro- 
tection outlined above seems too much trouble. 

If it is at all possible, the roentgenoscopic reduction of 
fractures should be carried out under the supervision of a 
roentgenologist. This advice applies rather less to the general 
practitioner than to interns, surgeons, orthopedists and others, 
unless they have had special training in this roentgenologic 
phase of their specialties. But all users of roentgen rays should 
employ a careful technic, which includes appropriate emphasis 
on the dangers of an uncontrolled or bungling examination. 

Roentgenoscopic Examination of the Thoracic Organs 
or the Gastro -intestinal Tract. — The second greatest cause 
of injury to the physicians in the group under consideration 
was roentgenoscopic examination of the thoracic organs or of 
the gastrointestinal tract. These procedures accounted for 
twenty-one severe injuries in a study already reported. It is 
not necessary at this time to discuss in detail the faults of 
tccJmic by which a careless or inexperienced operator mav ex- 
ceed the limits of safety to himself. They may., however, be 
summarized as follows: (1) lack of a technic of examination: 
(2) excessive "puttering around 5 ’; (3) incomplete adaptation 
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Even though reduction of fractures is a common procedure, 
mentioned in almost all modern surgical and orthopedic texts, 
surprisingly little that is specific has been mitten about the 
possibility of self-injury by use of the roentgenoscope, and ah 
most no specific directions have been given as to how to avoid 
such injury. Some authors do, it is true, make more or less 
general recommendations but they are made usually rather 
from a surgical than a roentgenologic point of view. 

Since the general practitioner is the one most commonly 
called on to treat patients with all but the severest or most 
complicated fractures and since he is often called in emergency, 
a few remarks about his self-protection should be in order at 
this point. 

Considerations in the Reduction of Risks. — The operator 
of the roentgenologic machine used for examination should 
know definitely how great is its output of roentgen rays. Fur- 
ther, he should know how long it takes the machine, in opera- 
tion, to reach an output of roentgen rays that represents the 
limit of safety to the skin. Such data need not be determined 
by the operator, but can be obtained from the manufacturer 
of the apparatus and in general are valid until a new roentgen 
tube is installed or until some electrical change is made. Next, 
a filter equivalent to at least 1 mm. of aluminum should be 
installed in the tube holder, below the tube. This filter should 
never be removed as it is a protective device of inestimable 
importance. Next, the operator should determine what ar- 
rangement of the physical controls permits satisfactory visual- 
ization of the fracture with the lowest possible roentgen 
intensity. In the solution of this problem, the advice and help 
of an experienced roentgenologist are invaluable. 

Of equal importance in the technic of safe roentgenoscopic 
examination is thorough adaptation of the eyes to darkness. 
This may require waiting fifteen or more minutes in total dark- 
ness for the eyes to adapt themselves, and can rarely be accom- 
plished while the operator takes a few puffs of a cigaret, or 
walks around impatiently while things are being made ready 
for the examination. Specific directions cannot be given for 
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oi injury sustained by the roentgenologic specialist are negli- 
gible in contrast to the high risk run by the casual user of 
roentgenologic equipment. Yet there seems to be no ea^\ 
to impress on physicians of the latter group the risks which 
careless or indiscriminate use of roentgen rays Involve. Onl\ 
rarelv do these physicians read roentgenologic journals, which 
seem to be the logical places to disseminate roentgenologic 
information. The other medical journals have abundant mate- 
rial of greater general interest and do not feel justified in 
devoting much space to such a lugubrious subject as roentgeno- 
logic injuries. Perhaps the medical school is the best place to 
emphasize the risks, for it is there that the physician is first 
impressed with the importance of roentgenologic examinations. 
It seems sensible, also, to teach the student how to use roent- 
genologic equipment, just as he is taught to use other diag- 
nostic apparatus. Everyone knows that not all students who 
have had training in pathologic technic and who understand the 
microscope become pathologists, nor do all who can use the 
electrocardiograph become cardiologists, nor do more than a 
small fraction of those trained in the use of the knife become 
surgeons. Certainly the same importance can be given to in- 
struction in roentgenology and to the risks it entails. 

The texts the physician uses before and after graduation 
should devote more attention to specific protection in the vari- 
ous roentgenologic procedures he is likely to adopt in practice 
instead oi mentioning them only casually and rarely. Most of 
all. the physician untrained in roentgenology should be urged 
to avoid roentgenologic examinations in all but the exceptional 
or emergency case and. as far as possible, to refer patients to 
a roentgenologist for the appropriate roentgenologic examina- 
tions. He should not sustain, himself ; the expense involved in 
purchase of a machine and the risks of operating it. 
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of the eyes to darkness; (4) too great current and voltage; 
(5) installation of insufficient filtration in the roentgenologic 
apparatus, (6) use of too large fields; (7) placing the bare 
hands in the field; (8) lack of lead rubber protecting gloves; 
(9) needless exposure, such as holding the casette during bed' 
side examination of a patient, while a nurse or some other 
person manipulates the controls of the machine; (10) inatten- 
tion to the time that the roentgen tube has been in operation; 
(11) ignorance of the protecting devices advocated by the 
safety committees. 

One reason why fewer physicians were injured in the course 
of the type of study mentioned in the preceding paragraph 
than were injured during reduction of fractures, is that roent- 
genologic studies of gastrointestinal and thoracic diseases are 
less often attempted by those untrained to make them than is 
true in relation to manipulation of fractures. 

Post-irradiation Carcinoma. — Aside from calling atten- 
tion to the incidence of thirty-nine cases of carcinoma as a 
result of excessive exposure to roentgen rays among the 135 
physicians considered, there is little to be said concerning car- 
cinoma. These cases, however, should serve as a rvarnmg to 
those who imagine that roentgenologic technic is easily ac- 
quired and the thirty-nine physicians who produced cancers in 
themselves by using their own apparatus, no matter how well 
those particular men may have used it, should serve as impres- 
sive proof of the dangers inherent in unskilled roentgenologic 
examinations. 

Comment. — It should not be inferred from the foregoing 
that the general practitioner is the only one who risks injury 
by using his own roentgenologic apparatus. More of them 
were encountered in the group studied because more general 
practitioners than specialists came to the Clinic for advice or 
treatment. Some dentists, general surgeons, orthopedists, 
chest specialists and gastro-enterologists also were severely 
injured as well as some roentgenologists; these last already 

have been discussed briefly. . 

Elsewhere it has been pointed out repeatedly that the risks 
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roentgenologic pelvimetry 
C. Allen' Good 


The use of roentgenograms to measure the bony pelvis is 
not a new procedure. As long ago as 1S99 Albert attempted to 
measure the maternal pelvis by means of the x-ray. The early 
methods were crude and the measurements were not as reliable 
as those obtained by the obstetrician. TVith improvement of 
radiographic equipment, new methods of greater accuracy were 
developed. Today many methods are in use which are capable 
of measuring the pelvic diameters with an error no greater than 
3 mm. 12 - 17 Discussion and analysis of the various technics of 
roentgenologic pelvimetry may be found in the excellent review 
of Hodges and Dippel. 

Because of the outstanding work of Caldwell and Moloy 
and their co-workers 2 * 4 * 30 and of Thorns. 2 * it is now recog- 
nized that the shape of the female pelvis varies greatly. Thoms 
described the inlet as ranging from a long oval to a wide oval. 
Caldwell and Moloy included also a triangular or blunt heart- 
shaped inlet. They emphasized the fact that variation in shape 
influences the mechanism of labor. 3 * 6 * T - 11 and they expressed 
the opinion that roentgenologic pelvimetry aids the obstetrician 
in planning the method of delivery. 

The Maternal Birth Canal. — The birth canal mav be 
thought of as a curved tunnel. The entrance to this tunnel is 
the obstetric inlet, a plane bounded entirely by the bonv con- 
tours of the pelvis near the plane of the superior strait. The 
walls of the tunnel are more or less irregular and are made up 
of various portions of the bony pelvis together with certain 
ligaments and muscles. The exit from this tunnel is the 
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aras, especially when the breech presents. (3) during labor, to 
ascertain the site of arrest and to aid in planning measures to 
overcome the dystocia. (4) when the patient requests the exam- 
ination. 

THE METHOD 

There are many methods of roentgenologic pelvimetry in 
use today. It is not the purpose of this article to describe or 
evaluate them. Some, especially the stereoscopic method em- 
ployed by Caldwell and Moloy, 9, 1S are extremely accurate in 
the* proper hands but require special equipment. Others sacri- 
fice accuracv for simplicity*. The method to be described re- 
quires only equipment found in the ordinary' roentgenographic 
laboratory together with a few easily made tools. This method 
is not original but has been assembled from the works of vari- 
ous authors, notably Thoms and his co-workers. 21, 22, **• ~ l It 
is at once simple and sufficiently accurate for ordinary work. 

Films of the maternal pelvis in three projections are ob- 
tained: (1) a film of the inlet. (2) a lateral view and (3) a 
film of the subpubic arch. From these films the pelvis is classi- 
fied according to the method of Caldwell and Moloy. 3, 10 varia- 
tions in pelvic structure are noted, and measurements of certain 
pelvic diameters are made. From this information a prediction 
as to the course and outcome of labor is offered. 

Equipment Needed.— (I) A metal rule (Fig. 77. a) 
notched at centimeter intervals. This is made easily by obtain- 
ing a short brass strip and filing notches 1 cm. apart. (2) A 
back rest (Fig. 77. b). preferably one which can be adjusted. 
In lieu of a back rest a chair may serve. It is placed upside 
down upon the radiographic table in such a manner that the 
patient rests her back against the back of the chair. (3) Any 
radiographic table equipped with a Bucky-Potter diaphragm. 
It is advantageous if the table also tilts to 90 degrees. 

Calibration, of Equipment. — Before measurements of the 
various diameters of the inlet can be obtained it is necessary 
to calibrate the equipment. This is done by placing the notched 
metal rule parallel to the table top at various levels, and expos- 
ing the film with the central ray striking the film perpendicu- 
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obstetric outlet which is a combination of two plane triangles 
joined together at their bases. Two sides of the anterior tri- 
angle are formed by the bones of the subpubic arch while two 
sides of the posterior triangle are made up of soft parts con- 
necting three bony points, the two ischial tuberosities and the 
tip of the sacrum. 

Variations in Shape . — Many variations in the shape of this 
tunnel are possible. It may be rough!}?' cylindrical, with similar 
diameters throughout. It may be narrowest at the entrance 
and gradually become larger toward the exit. It may taper 
from entrance to exit like a funnel, or it may become narrow 
in its midportion like an hourglass. The entrance, the exit, 
or any cross section of the tunnel may be round, oval or 
roughly triangular. 

INDICATIONS 

In many instances the obstetrician obtains sufficient infor- 
mation from his own measurements to predict the course and 
outcome of labor. Roentgenologic pelvimetry does not take 
the place of the obstetric examination; rather it supplements 
and corroborates it. There are times, however, when the ob- 
stetrician cannot make a satisfactory examination: (1) when 
the vaginal examination is contraindicated owing to the pre- 
caution of asepsis w T hen the patient has presented herself too 
late in pregnancy, or (2) when the patient is extremely obese. 
At such times, the roentgenologist is able to offer an accurate 
analysis of the pelvic structure. 

Roentgenologic pelvimetry also is indicated whenever the 
clinical examination suggests an abnormality in the size or 
shape of the pelvis. The roentgenograms form a permanent 
record of the abnormality and usually aid in the formulation 
of plans for delivery. In a similar way it is well to obtain 
pelvimetric analysis by the roentgenologist in all cases in which 
the patient gives a history of dystocia at a previous deliver}* 
especially if fetal death or maternal injury occurred, and 
whether or not the results of obstetric examination are normal. 

Additional indications for roentgenologic pelvimetry are 
found (1) in cases of fractured pelvis, {2) in elderly prlnnp- 
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me tal rate are obtained ou tta, tee image betag distorted 
to the same amount as any object tcbich Item ' f “ 

distance front the table top. For ordmary purposes dims taken 
tirh tie rule Icing parallel to the table at each centtmeter from 
S to IS trill suffice. These film rules should be marked to shorn 
their distance front the top oi the table (Fig. /S). ret .erte 
ior all cases until the equipment is changed. 


19 


13 


1 

Fir. 75.— Reproductions oi three bln rulers obtained by radiographing 
the notched metal centimeter rule placed paraCel to the table top at distances 
oi 1? cm,. 15 cm. and 7 cm. Note the variation in sire oi the centimeter 
intervals. 

Technic. — -Film oj Inlet* — After disrobing, the patient puts 
on a cotton gown or sheet which is open in back. A mark is 
made with a wax pencil over the spinous process of the fourth 
lumbar vertebra. The patient then sits on the radiographic 
table leaning against the hack rest which is at an angle of 
about 60 degrees from the horizontal. The distances are meas- 
ured (1) from the table top to the superior border of the 
symphysis pubis and (2) from the table top to the mark on the 
back which represents the spinous process of the fourth lumbar 
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Fra SO — w Petition of patient used to obtain lateral roentgenogram of 
pelvi- Note portion of notched rami centimeter mle in midsagittal plane, 
h. "Lateral -roentgen otrrain of pelvis obtained bv using position indicated in o. 
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vertebra. The position of the patient then is adjusted by 
means of the back rest until these two distances are equal. It 




b 


Fj£. 79. — a, Position of patient used to obtain roentgenogram of inlet 
Xote that the plane of the superior strait is parallel to the table top b, 
Roentgenogram of inlet obtained by uring position indicated in a 

has been shown 19, 21 that the plane of the superior strait is 
parallel to the table top when these conditions are satisfied 
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the nates so that it is in the midsagittal plane of the body (Fig. 
SO. ol. It is important that the film obtained (Fig. SO. b) 
«hov the images oi the greater trochanters to overlie and that 
the sacrum, ischial spines and posterior border ot the sym- 
phvsis pubis be visualized easily. It is also important to have 
a clear shadow ot the notched metal centimeter rule on the 

film. 



Fig. to be drawn on and measurements to be obtained from 

Ultra! roentgenogram of the pelvis. C.T\ represents the anteroposterior 
diameter of the inkt. F represents the distance between the plane ot the inlet 
and the plane oi the ischial spines. P.O. represents the distance from the mid- 
point on a line joining the ischial spines to the tip of the sacrum. 

Filin oj Subpubk Angle . — The patient lies supine upon the 
horizontal table. The tube is angled 33 degrees toward the 
head and centered just below the lower border of the symphysis 
pubis> The technical factors are such us will produce a dear 
image of the subpnbic arch (Tig. SI). 

Mensuration.— Laferaf F//m. — Draw the following lines 
(Fig. S2): 
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(Fig. 79, a). The tube is centered about 5 cm. back (ceph- 
alad) of the symphysis pubis and the film is exposed. The 
factors vary according to the type of equipment available. It 
is important that the film obtained show (Fig. 79, b ) dearly 
the promontory of the sacrum, the lateral walls of the pelvic 
inlet and the posterior border of the symphysis pubis. The 
pubes and ischia should overlie. 
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Fig SI — Roentgenogram 


Of subpubic arch obtained by using method described 
in text. 


Lateral Fit,,, „/ the Pelvis .- The lateral Mm may be ob- 
Laierui rm, / _ Qn the ] 10nz0 ntal 

tained by placing the pa i the {emora \ trochanters 

radiographic table, taking car t ; ca j Bucky-Potter dia- 

overlie each other. Howev ev * 1 preferable to employ 

pte ,gmoraLy S hoWnd.sa^bte,^ M ^ ^ 

the method described by eit her side to the target, 

removes her shoes and sla incncc „[ the greater 

The tube is “ n ‘” C notched metal rule is placed beweer 

femoral trochanter. The noten 
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on the anterior border of the first sacral vertebra. ThL> nia\ 
be the promonton’ or it may be at the point 'where the sacrum 
is cut bv the ileopectineal lines. This line represents the an- 
teroposterior diameter of the inlet, or the true conjugate. 

(6) From the midpoint on a line joining the ischial spines 
drop a perpendicular to line a. This represents the distance 
from the plane of the ischial spines to the plane of the inlet. 

(c) From the midpoint on a line joining the ischial spines 
draw a line to the tip of the sacrum. This serves as an estimate 
of the size of the posterior segment of the outlet. 

Using calipers or a ruler, the distances represented by these 
lines may be measured on the image of the notched metal cen- 
timeter rule. 

Film oj Inlet . — Using the film ruler corresponding to the 
distance measured from the table top to the mark representing 
the spine of the fourth lumbar vertebra or from the table top 
to the upper border of the symphysis pubis, the following diam- 
eters are drawn and measured (Fig. S3): (a) greatest trans- 
verse and ( b ) anteroposterior of inlet. 

Using the film ruler corresponding to the distance from the 
table top to the plane of the ischial spines (this distance is ob- 
tained by subtracting the distance between the plane of the 
ischial spines and the plane of the inlet as determined by 
means of the lateral view from the distance between the table 
top and the plane of the inlet), draw and measure the folio win 2 ; 
diameter: (c) interspinous. 

Film of Sub pubic Arch . — Draw lines from the midpoint of 
the lower border of the symphysis pubis to the inner border of 
the ischial tuberosities and measure the angle formed (Fi?. S4). 

ANALYSIS 

Architectural Types of Pelves. — From the film of the 
inlet the pelvis is classified according to the system of Caldwell 
and Moloy." 3n They list five main groups, as follows: 

1. Anthropoid ( dolichopdlic type of Thoms). The inlet is 
oval with the long avis running anteroposteriorly (Fig. S5). 

2. Gynccoid ( mcsatipdUc and brachypdlic types or 
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greatest transverse diameter usually exceeds tie aateroposte- 

riorbv2 cm. or more (Fig. 85). 

4' indroid (.not in Thoms' original classification). Th 

inlet is ronghly triangrdar or blunt heart-shaped, mth the ape. 
of the triangle at the symphysis pubn> (big. 

dXnmetric. The Wet, as rtte tern. Wpl.es, .s not 

symmetric (Fig. S6). _ . 

In Caldwell and Motors classification subgroups exist, fi\ e 

of which are important, as follows: 



Fig S6 — Roentgenogram of the inlet of an asymmetric pelvis. 


1. Anthropoid gynccoid. The posterior half of the inlet is 
of the long oval type, but the anterior half is of the round type. 

2. Android anthropoid. The inlet is roughly triangular, 
but the anteroposterior diameter exceeds the transverse. 

5. Android gynccoid. The posterior half of the inlet be- 
longs in the wedge-shaped group and the greatest transverse 
diameter is dose to the sacrum, but the anterior half of the 
inlet is round and does not continue the triangular tendency 
of the posterior half. If the reverse is true, that is, round pos- 
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Thoms'). The inlet is round. The transverse diameter does 
not exceed the anteroposterior in most instances by more than 
2 cm. (Fig. 85). 




SHAPC OF 5U8PU&C AWOLC 

the four main tvpcs of female 
Fig. S3 Diagrammatic represent* « on and Molov (Repr „d U ced 

pelvis according to the classificaUonofC 2 6: 446 [Aprll] ig}6 , 

from Garland, Pettit, Dunn and Shumaker, Kaaio g>, 


, PlatypcHoid or fa! ( plalypcllic type »/ Timor). 
We f is oval with the long avis running transversely. 


The 
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greatest transverse diameter usually exceeds the anteroposte- 

riot bv 2 cm. or more 85^. x TThp 

4 ' indroid (jwt in Thoms’ original classification). The 

inlet is roughly triangular or blunt heart-shaped with the apex 
of the triangle at the symphysis pubis (Fig. So). 

5. Asymmetric. The inlet, as the term imphes. is not 

symmetric (Fig. S6). 

' In Caldwell and Motors classification subgroups exist. fi% e 
of which are important, as follows: 



Hz $ 5 — Rocntrecoirrain or tie inlet ox an asymmetric pelvis 


J. Anthropoid gynecoid. The posterior half of the inlet is 
of the long oral type, but the anterior half is of the round type. 

2 Android anthropoid. The inlet is roughly triangular, 
but the anteroposterior diameter exceeds the transverse. 

3 ■ Android gynecoid. The posterior half of the inlet be- 
longs in the wedge-shaped group and the greatest transverse 
diameter is close to the sacrum, but the anterior half of the 
inlet is round and does not continue the triangular tendency 
of the posterior half. If the ret erse is true, that is. round pos- 
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tenor half and triangular anterior half, the inlet is rightly 
classified as gynecoid android. 

4. Android flat . The inlet is wedge-shaped, but the trans- 
verse diameter exceeds the anteroposterior by more than 2 cm. 

5. Gynecoid flat. The posterior half of the inlet is round 
but the anteroposterior dimension of the anterior half of the 
inlet is shortened. 

Measurements. — The greatest transverse diameter divides 
the inlet into anterior and posterior segments. The latter 
determines the parent pelvic type, while the former indicates 
the subtype, if present. Where the posterior segment is small, 
the head must enter the birth canal mainly through the anterior 
segment and vice versa. The roentgenologist must point out 
such possibilities in his report. 

Actual measurement of the inlet diameter is not as impor- 
tant as the general pelvic shape. It might be well to state, 
however, that an anteroposterior diameter of less than 10 cm. 
will usually cause inlet dystocia. In a like manner, a greatest 
transverse diameter which measures less than 11.5 cm. will 
cause trouble unless the anteroposterior diameter is long, as in 
die anthropoid type. In such a case the head may engage in 
the direct anterior or posterior position. 

The shape of the birth canal depends upon the shape and 
inclination of the sacrum, the convergence or divergence of the 
side walls, and the depth of the pelvis. These factors are best 
determined from the lateral view and the film of the subpubic 
angle. Caldwell and Moloy 3, 4 have shown that the inclination 
of the sacrum depends upon the shape of the greater sciatic 


notch. They described three varieties, the narrow, the aver- 
age, and the wide (Fig. 85), which usually accompany inkts 
belonging to the android, gynecoid and anthropoid groups re- 


spectively. This is not always the case, however, as a narrow 
notch may be found in the gynecoid and flat types, and a wide 
notch may occur in any type. The narrow notch throws the 
sacrum forward so that it encroaches upon the birth canal and 
shortens the posterior segment of tire outlet. For this reason 
it offers tire poorest prognosis. A wide notch, on the other 



ROENTGENOLOGIC PELVIMETRY 


1033 


hand, inclines the sacrum backward, enlarges the posterior 
segment of the birth canal and outlet, and improves the chance 
ot normal deliver}.' . 

Normally the sacrum describes a smooth curve with con- 
cavity directed anteriorly. If this curve is lacking or dimin- 
ished the sacrum may encroach upon the midportion of the 
birth canal and cause midpelvic arrest. At the same time an 
exaggeration of this curve may cause the tip of the sacrum to 
lie more anterior than usual and shorten the posterior segment 
of the outlet. 

All these abnormalities are best seen on the lateral view. 
This view also offers a check upon the anteroposterior dimen- 
sion of the inlet. Of the two determinations of this diameter 
this is probably the more accurate since the landmarks are 
more easily visualized and the chance for error in calculating 
the distance is lessened. 

The size of the posterior segment of the outlet is indicated 
on the lateral film by the line joining the tip of the sacrum and 
the ischial spines. This line does not lie in the plane of the 
outlet, but experience has shown that its length becomes shorter 
as the anteroposterior diameter of the outlet decreases. Since 
the ischial spines can be located much more accurately than the 
ischial tuberosities which are actually included in the formation 
of the outlet, it is felt that use of the spines in measurement of 
the outlet offers less opportunity for error. 

In like manner, the interspinous diameter is more accuratelv 
measured on the roentgenograms than the intertuberous diam- 
eter. The interspinous diameter is. of course, the narrowest 
transverse diameter of the midpehis. but it also offers a clue 
to the transverse diameter of the outlet. One measures the 
interspinous diameter by employing the film ruler which was 
obtained at the height from the table top corresponding to the 
height of the plane of the spines from the table. Since the 
height of the plane of the inlet is known, the distance from the 
spines to the plane of the inlet is obtained from the lateral 
film and subtracted from this value. This gives the distance 
from the plane of the spines to the table top (see diagram in 
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Fig. 87). Indication of possible trouble in the midpelvis or 
outlet is found in interspinous measurements of less than 10 
cm. or in distances of less than 3 cm. from the tip of the sacrum 
to the ischial spines. 

The subpubic arch varies from narrow to wide (Fig. 85). 
It is of little importance as long as the posterior segment of 



rilin' 

7 — Method of obtaining distance from ptonc of Kcfitaf spines to 
V is foionn, I' is measured on lateral roentgenogram of pelvis 


Fig 87 
table top 
V rnmus Y equals distance 


the outlet is large enough to permit passage of the fetal head. 
Whenever there is shortening of the posterior segment of the 
outlet or narrowing of the transverse diameter of the outlet a 
wide subpubic arch may offer compensation. In classifying 
the arches as wide, average or narrow’, it is well to measure the 
angle formed. Garland 13 has commented upon the difficulty of 
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iudsing the arch without actual measurement. The average 
angle formed by the arch is between 90 and 100 degrees. Less 
than 90 degrees is considered narrow and more than 100 

degrees wide. . 

The convergence or divergence of the lateral walls ol the 

birth canal is noted best on the film of the subpubic arch. The 
information gained is valuable in formulating an opinion as to 
the shape of the "tunneT of the birth canal. 

COMMENT 

Relative Incidence of Pelvic Types —The relative in- 
cidence of the various pelvic types has been reported by many 
authors. 3 * 10 * 1S - 14 * 25 Although there is a certain amount of 
agreement in all reports, the incidence varies somewhat accord- 
ing to the class of patients from which the material is drawn. 
Greulich and Thoms 13 found that the long oval or anthropoid 
type of inlet was more frequent in a series of 100 nurses and 
107 children than in a corresponding series of 5S2 patients of 
a clinic. This Thoms attributed to the fact that the latter 
group represents a somewhat lower economic stratum of society 
than the former. He postulated that ‘"adequate nutrition dur- 
ing early life and other factors which make for the attainment 
of maximum normal body size prevent that degree of antero- 
posterior flattening of the pelvis which has come to be con- 
sidered as characteristically feminine.” 

In Table 1 the relative incidence of the various types of 
female pelvis as given by several authors is shown. Cases with 
mixed tendencies are grouped with the predominant or parent 
type. 

Prognosis of the Course of Labor. — In general, the prog- 
nosis as to the course and outcome of labor varies with the 
different pelvic types. It should be emphasized, however, that 
the individual pelvis may vary in such a way as to overcome 
the fa\ orable or unfavorable factors present in the parent type. 
General contraction may be found in a pelvis of anv tvpe. The 
same is true oi contraction of the outlet, straightening of the 
sacrum, and other conditions which alter the course of labor. 
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In the individual case, it is not enough for the roentgenologist 
to classify the pelvis; he should also note the significant vari- 
ations in architecture. 

The classic gynecoid pelvis offers a good prognosis. De- 
livery usually takes place spontaneously. In most cases 

TABLE 1 


Percentage Distribution of Different Types of Female Pelves 



| Type of Pelvis 

Gynecoid 

Anthro- 

poid 

Android 

Platy- 

pelloid 

Asym- 

metric 

Author’s series of 212 
patients .. 

52 

20 

38 

8 

1 

Caldwell and Moloy; 
215 unselected pri- 
migravidas (1934) 

58 

18 

22 

1 


Molov and Swenson 
(1936). 

51 

| 26 

19 

4 


Garland; first series of 
100 unselected pri- 
migravidas (1936) 

53 

21 

21 

5 


Garland; second series 
of 100 unselected 
primigravidas (1937j 

51 

18 

21 

30 


Walsh; 400 patients 

56 

17 25 

23 75 

3 


Thoms; 582 clinic 
women 

78 S* 

14 5 

* 

. 

6 7 

— 

Thoms; 100 nurses 

63* 

37 

* 



* Android type not recognized by Thoms. These patients are included in 
gynecoid group. 


engagement takes place in the transverse position and the head 
delivers with the occiput anteriorly . 10 

Anthropoid configuration offers a prognosis almost as good 
as that found in the gynecoid group. The head more fre- 
quently engages with the long axis in the sagittal plane and for 
that reason more occiput posterior and other abnormal pres- 
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entations are encountered. If transverse arrest is encoun- 
tered.. traction with forceps should not be attempted until the 
head is rotated to the anteroposterior diameter. 5 - 10 

Because of the shape of the inlet in flat pelves, there may 
be failure of engagement. Engagement most often takes place 
in the transverse position and this position should be main- 
tained to a low level in cases in which forceps delivery is 
attempted. 5 - 10 The flat pelvis offers a much poorer prognosis 
than do pelves in either the anthropoid or gynecoid class. 

The poorest pelvis from the standpoint of normal delivery 
is the android, the type showing masculine characteristics. 
Because of its heart-shaped or triangular inlet., engagement 
takes place less readily. In addition, most pelves belonging to 
this class show some degree of contraction of the outlet. Long, 
difficult labor is the rule rather than the exception and opera- 
tive delivery is necessary more frequently. Injury to the baby 
is more common in this group than in any of the others. It 
should be noted here that the obstetrician finds it more difficult 
to recognize this type of pelvis than any other by means of the 
clinical examination and the obstetric measurements. 

Many factors influence the course of labor in addition to 
variations in pelvic architecture. Dystocia mat* be caused by 
enlargement of the fetal head, by large soft parts in the mater- 
nal pelvis, or by weak uterine contractions. These are but a 
few of the things which the obstetrician must consider. The 
aid given by the roentgenologist is often of inestimable value 
but it is not the ‘'last word." Roentgenologic pelvimetry 
serves its purpose only in so far as there is understanding and 
co-operation between the roentgenologist and the obstetrician. 
With this fact in mind, the wise roentgenologist gives the ob- 
stetrician a description of the shape of the tunnel of the birth 
canal, he calls attention to significant changes in pelvic archi- 
tecture. he points out where and why dystocia may occur, but 
he suggests such radical procedures as cesarean section only 
when he feels certain in his own mind that pelvic configuration 
precludes the possibility of delivering a living baby. 
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In the individual case, it is not enough for the roentgenologist 
to classify the pelvis; he should also note the significant vari- 
ations in architecture. 

The classic gynecoid pelvis offers a good prognosis. De- 
livery usually takes place spontaneously. In most cases 


TABLE 1 


Percentage Distribution of Different Types of Female Pelves 




Type of Pelvis 
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Author’s series of 212 
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52 

20 

IS 

S 

1 

Caldwell and Moloy; 
215 unselected pri- 
migra vidas (1934) 

58 
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22 

1 


Moloy and Swenson 
(1936) 

51 

26 

19 

4 


Garland; first series of 
100 unselected pri- 
migravidas (1936) 

53 

21 

21 

5 


Garland; second series 
of 100 unselected 
primigravidas(1937) 

51 

IS 

21 

10 


Walsh; 400 patients 

56 

17 25 

23 75 

3 


Thoms; 5S2 clinic 
women 

7S S* 

14 5 

* 

6 7 


Thoms; 100 nurses j 

63* 

» 1 

* 

! 




* Android type not recognized by Thoms. The>e patients art included in 
gynecoid group. 


engagement takes place in the transverse position and the head 
delivers with the occiput anteriorly . 10 

Anthropoid configuration oflers a prognosis almost as good 
as that found in the gynecoid group. The head more fre- 
quently engages with the long axis in the sagittal plane and for 
that reason more occiput posterior and other abnormal pres- 
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ROENTGENOGRAPHY IN THE DIAGNOSIS OF TUMORS 

OF BONE 


Charles G. Sutherland 


The principle concern in the diagnosis of tumors of bone i> 
a definite decision as to whether the abnormal growth is benign 
or malignant. In the making oi such a decision roentgenog- 
raphy holds a key position. 

VALUE OF THE ROENTGENOGRAPHIC PROCEDURE 

Given adequate technic, the roentgenogram contains as 
much evidence of the nature of any lesion to which roentgen 
study is applicable as does the cut section of tissue made and 
prepared for microscopic study, and in some cases the roent- 
genogram contains more evidence than the cut tissue. When a 
correct diagnosis cannot be made by the roentgenographic 
method, therefore, the roentgenogram or the roentgenographic 
method should not be blamed. In almost all cases, failure 
must be attributed to lack of knowledge and experience on the 
part of some diagnosticians, and carelessness in the use of 
knowledge and experience on the part of others. 

The roentgenographic image affords a reproduction in relief 
of all the structures of the body of sufficient density to offer 
resistance to the passage of what was termed by its discoverer, 
“the x-ray/' Tissues which are in themselves ordinarily non- 
resistant to the passage of roentgen rays may. because of their 
hulk, cast a shadow of varying intensity' in the roentsenosram. 

The making of a roentgenographic diagnosis is accom- 
plished by interpretation of the significance of changes in the 
contour and in the density of the tissues concerned. Although 
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plasm": this is described as "a new growth atypical in structure 
and termination.''' 

For practical purposes, tumors may be divided into two 
srroups: the benign abnormal growth which offers no menace 
to the life expectancy of the individual concerned and the 
malign ant abnormal growth which, if not adequately treated or 
otherwise dealt with, will terminate the life of the afflicted one 
within a comparatively short time. 

Benign Tumors of Bone. — Benign tumors may be sub- 
divided into two groups: the benign osteogenic abnormal 
growth, which evidently has its origin in a congenital defect 
of the periosteum, and a group of tumors which have their 
origin in some abcrratioi ; of normal reparative processes . In 
the latter are placed giant cell tumor and osteodystrophia 
fibrosa cystica with cysts in bone. ;; Osteodystrophia' : signifies 
defective formation of bone and more nearly accurately de- 
scribes the pathologic findings in this type of bone lesion than 
the generally used term “osteitis fibrosa cystica.' ; Strictly 
speaking, the lesion is not an inflammatory' one. 

There are noninflammatory lesions which in some cases 
involve the periosteum and which in others occur in the con- 
tiguous soft tissue structures. These lesions may T simulate 
benign osteogenic tumors or they' may' have to be distinguished 
from some types of malignant tumors which involve bone. 
These have been classified as 'Traumatic osteomas” and are 
the results of ossification in soft tissue structures following 
trauma. The unruptured subperiosteal hematoma has some 
of the roentgenographic characteristics of the benign osteo- 
genic tumor, whereas the ruptured subperiosteal hematoma 
permeates the adjacent soft tissue structures and casts a series 
of shadows which may' be misinterpreted as being one form of 
malignant osteogenic tumor. 

Differential Diagnosis of Benign and Malignant 
Forms of Tumor.— The pathognomonic feature of the benign 
tumor which involves bone is retention of the continuity of the 
contour of the bone throughout. The generally accepted nor- 
mal contour of the bone may be expanded or otherwise dis- 
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this would appear to be a comparative^ simple affair, it has 
not proved to be such in practical experience. 

REQUISITES OF SUCCESSFUL ROENTGENOGRAPHY 
There is a marked analogy between the recognition of the 
nature of tumors involving bone and the soft tissue structures 
of the various parts of the body and the recognition of human 
beings by the fingerprint method. Success in either of these 
is based on a wide acquaintance with inherent characteristics 
which follow a constant pattern. This wide acquaintance can 
be obtained onfy by careful study and frequent review of large 
series of examples, and because of tins the accuracy of any 
given opinion always will have to be gauged by the knowledge 
and experience of the individual interpreter. 

Neoplasms have the same habits and affinities for specific 
habitat that human beings have. These can be elicited in the 
taking of the history of a patient afflicted by a tumor in bone. 
A primary roentgenographic examination of all such patients 
provides the fingerprint and the correlation of the roentgeno- 
graphic finding with the factual data of the clinical history and 
other laboratory findings assists in the final decision of the 
true nature of the tumor. 

Although the roentgenographic diagnosis may be accurate 
in a considerable number of cases, no radical procedures should 
ever be carried out without this correlation of all other findings. 
In cases of doubt, biopsy should be done and the opinion of a 
competent pathologist should be obtained before any surgical 
procedures inimical to the future usefulness of the part in- 
volved are undertaken. 

Experience has taught that there are certain fundamental 
principles that can assist materially in the proper interpretation 
of the roentgenographic findings in cases of tumor of bone. 

TYPES OF TUMORS OF BONE; FUNDAMENTAL ROENTGENO- 
GRAPHIC CHARACTERISTICS 

Tumor is defined as “an abnormal mass of tissue, not in- 
flammatory, arising without apparent cause from cells of pre- 
existent tissue and having no physiologic function. ^ An 
analogous term sometimes used to signify a tumor is u nco- 
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The pathognomonic feature of the malignant osteogenic 
form of tumor is dissolution oj the contour shadow of the bone 
(Fig. S9. a). In the majority of cases the malignant osteogemc 
tumor will invade the contiguous soft tissue structures and 
when it does it is impossible to trace tire outline of the tumor: 
it either “promiscuously" invades the normal shadow of the 
structures or fades imperceptibly into the surrounding normal 
shadow (Fig. S9 ; b). 



Fi> S9. — a t Malignant osteogenic tumor: dissolution of the cortical con- 
tour sharply demarcates normal from involved portions of bone; b, malig- 
nant osteogenic tumor, showing "promiscuous" invasion of the contiguous soft 
tissue. 

When the tumor involves a flat bone, such as one of the 
innominate bones or the skull, the defect in the shadow of the 
bone is smooth margined and well defined in the case of the 
benign tumor (Fig. 90. a) , whereas in the case of the malignant 
tumor the defect has an irregular or sometimes serrated out- 
line, or the outline may not be discernible: it may fade imper- 
ceptibly into tire shadow of the surrounding normal bone 
(Fig. 90. b). 
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torted, but its continuity is never broken (Fig. SS, a). Certain 
benign forms of tumor will distend the cortex and invade the 
contiguous soft tissue structures. When this occurs, careful 



Fi?. SS. — cs, Benign osteogenic tumor* the continuity of the cortical con- 
tour is maintained throughout; b, the shadow of the invading benign osteo- 
genic tumor is demarcated throughout. 


studv of the soft tissue structures (with the roentgenogram 
held in front of a concentrated light if necessary) will reveal 
that the contour of the invasion shadow is intact throughout 

(Fig. SS, b). 
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These points in differential diagnosis hold true to a sur- 
prisingly high degree in the case of both osteogenic benign 
tumors and osteogenic malignant tumors. Three striking ex- 
ceptions to this rule must be kept in mind. Tumors oj soft 
tissue and pcriosseous fibrosarcoma may involve bone by pres- 
sure erosion. In the majority of such cases the defect in the bone 
mav be smooth margined, although not so well defined as in the 
case of the benign osteogenic tumor. Ewing's endothelioma 
(Pig. 91, a) usually commences as a subperiosteal lesion and may 
expand the cortex and distort it without breaking through and 
invading the contiguous soft tissues. When it does invade 
them, the outline of the invasion shadow is hazy and poorly 
defined: it is not so definitely demarcated as the outline of the 
benign osteogenic tumor, nor is it so “promiscuously" distrib- 
uted as the outline of the malignant osteogenic tumor. Myel- 
oma, on the other hand, violates all the rules that can be laid 
down for the roentgenologic differentiation of the benign and 
malignant forms of tumor. In the long bones of the extrem- 
ities (Fig. 91, b ). and in the ribs and the clavicle, myeloma 
will expand and distort the contour of the bone to a marked 
degree without any dissolution of the continuity of the cortical 
outline. The translucent shadow of the region affected by the 
tumor may be transversed by numerous trabeculae of bone, 
such as are frequently observed in the presence of giant cell 
tumor. But the trabeculations are coarser and more widely 
spaced than are those of giant cell tumor. There may be no 
expansion of the cortex, but there may be numerous small 
defects distributed throughout the shadow of the bone (Fig. 
92. a), each as smooth margined and discrete as if made with 
a steel punch. These small vacuolated regions are best seen 
in the vertex of the skull; where there is doubt as to the nature 
of the lesion involving other bones, roentgenologic examination 
of the patients head should be made to corroborate or to elim- 
inate myeloma as the etiologic factor. 

Malignant Tumors of Bone. — Roentgenograph] callv. 
malignant tumors of bone are divided into three groups: the 
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Fie Q 2 — Myeloma involving the skull, with discrete filling defects in 
the shadow of the bone easily demonstrable; 6, osteolytic or osteoclastic type 
of metastatic malignant involvement of bone in the pelvic region. showing 
the tvpical 1 melted ice*' appearance of the diffuse destruction of bone. This 
malicnant process oiten is secondary to carcinoma of the breast, kidney, thyroid 
gland and hang. 






Fig. 91. — a, Xon osteogenic malignant tumor of bone (Ewing s endotheli- 
oma) in which elevation of the periosteum in a laminated manner and rather 
indistinct demarcation of the shadow of the invading tumor arc apparent in 
the region of soft tissues; b, myeloma of long bones of extremities, character- 
ized by smooth -margined discrete filling defects in the bone shadou and ex- 
pansion of the cortical contour without dissolution of the continuity of the 
cortical contour. 


104S 
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malignant osteogenic tumor, the malignant nonosteogenic 
tumor and the malignant metastatic (secondary) tumor. 

Metastatic Malignant Involvement. — Malignant meta- 
static tumors which involve bone result from the deposition of 
an embolus or the emboli of cells detached from tumors in 
parts of the bod} r distant from bone, carried by the blood 
stream, or by the lymph to a point at which they enter the 
blood stream; they are carried and deposited at a site at which 
conditions are favorable to their development and growth. The 
cells in the metastatic tumor have all the characteristics of 
those of the primary tumor. Sometimes, discovery during 
roentgenologic examination of a metastatic malignant process 
which involves bone may be the first evidence of the presence 
of such a lesion, and b}^ biopsy of the metastatic tumor the 
nature of the primary tumor can be determined when other 
methods have failed to determine it. 

Carcinoma metastasizes in bone, and the higher the grade 
of the malignancy, the more frequently does metastasis occur. 
Lesions identical in their roentgenographic images are seen in 
cases of osteogenic sarcoma. These are not generally accepted 
as being metastatic, but are regarded as multiple involvement 
by primary osteogenic tumors. Involvement of bone is seen in 
cases of malignant lymphoma (Hodgkin’s disease, lympho- 
sarcoma and leukemia) and occasionally in cases of Ewing’s 
endothelioma. 

Two distinct types of roentgenographic image are seen in 
metastatic malignant involvement of bone. The osteolytic or 
osteoclastic type (Fig. 92, b ) is exemplified in a diffuse destruc- 
tion of the bone which is best described as a “melted ice” ap- 
pearance, in which the shadow of the bone in one section is 
completely lost, or as a “melting ice” appearance, in which, if 
the normal bone structure is thought of as being composed of 
ice, the destruction resembles very much the honeycombing 
that occurs when a block of ice is exposed to a temperature at 
which slow melting would occur. The osteoplastic or ostco- 
Mastic (proliferative) type oj tumor (Fig. 93, a) exhibits 
varying degrees of sclerosis superimposed on and occurring 
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concomitant with osteolysis. Evidence of the ^ rab ^ c ^ e ^ 
served in normal bone shadows is completely lost and the bone 


* 





Fig. 93.- — o. Osteoplastic (proliferative) type or metastatic malignant 
lesions of bone, in the pelvic region, showing coincidental occurrence oi de- 
struction oi bone and osteodystrophia (defective formation of bone) ; this 
lesion most frequently is secondary to carcinoma of the prostate gland; b, 
chondroma, a cartilaginous benign osteogenic tumor oi uhich the shadow is 
demarcated throughout. 

shadow is replaced bv that of a coarsely granular, greatlv in- 
creased density. The most valid explanation of this bony 
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change is that some pressure (probably that exerted by en- 
larged glands) has affected the vessels supplying arterial blood 
to the affected part, with a gradual diminution of the blood 
supply and a resultant resorption of calcium by the damaged 
cells, with formation of osteoid tissue. This hypothesis is 
strengthened by the fact that the osteoplastic form occurs pre- 
dominantly with carcinoma of the prostate gland, which is a 
comparatively slow growing tumor, as the primarj' neoplasm. 
On rare occasions, a tendency toward the occurrence of the 
osteoplastic type of lesion is noted in cases of carcinoma of 
the stomach and carcinoma of the breast. Investigation of 
these osteoplastic lesions proves them to be secondary to slowly 
growing scirrhous carcinomas. 

FURTHER OBSERVATIONS THAT SIMPLIFY THE CLASSIFICATION 
AND POINT TO THE TYPE OF TREATMENT 

The fundamental principles by which the various forms of 
tumors of bone may be recognized and properly classified have 
been stressed to this point with a view of outlining primarily 
the knowledge that is absolutely necessary to the roentgeno- 
graphic diagnosis of such lesions. 

With increasing knowledge and experience, the various 
groups can be further subdivided. From the practical point of 
view this is not necessary, but by correlation of roentgeno- 
graphic findings some interesting observations can be made 
that add to simplification of the classification of lesions of hone 
in general and aid in the determination of therapeutic meas- 
ures best suited in the individual case. 

Benign Osteogenic Tumors. — A study of a large group 
of benign osteogenic tumors shows that the majority occur 
among young persons during the period of growth of bone. 
Such tumors have a specificity of location; nearly all occur in 
the metaphysis of the bone, which is the growth area immedi- 
ately adjacent to the epiphysis. The tumors tend to increase in 
incidence up to the age at which maturity of bone growth is 
attained, and growth in the tumor stops at this period. There 
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may even be a diminution in the volume of the tumor mass fol- 
lowing this period. 



The tumor may commence at the metaphvsis and be carded 

ah 5 r f' ° l *« <« ->'o «he IS 

-uch a tumor ts cartilaginous. and therefore can 
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properly be classed as a chondroma (Fig. 93, b). When mul- 
tiple chondromas occur in the same patient, the lesion is fre- 
quently taken out of the classification of tumors, and becomes 
the object of many hypotheses and is given a widely variant 
nomenclature. Thus, exostosis (Fig. 94, a ) is a “chondroma,” 
an “osteochondroma,” an “osteoma” or various combinations 
of the same names. When multiple occurrences are present the 
condition (Fig. 94, b) is referred to as “diaphyseal” or “meta- 
physeal aclasis,” “chondrodysplasia” or “hereditary deforming 
exostoses” and is classified as chondrodystrophy. Among 
the hypotheses offered as to the cause of this lesion is found 
the suggestion that the cause is a congenital defect in the peri- 
osteum through which normal control of the bone architecture 
is altered to a greater or lesser extent, so that abnormalities of 
growth occur. This seems to be the simplest and most prac- 
tical explanation of the etiology of the condition and seems 
applicable to the whole group of benign osteogenic tumors. 

In the same patient a large osteochondroma of the radius 
was observed with typical multiple exostoses symmetrically 
distributed throughout the majority of the metaphyseal por- 
tions of the long bones of both extremities. A similar phe- 
nomenon was observed of other patients who had symmetrically 
distributed typical exostoses and massive osteochondroma in 
the ribs, the scapula or other isolated parts. Multiple occur 
rence of chondroma was noted of other patients. This par 


ticular type of lesion also has been taken from the tumor group 
and has* been described as “chondrodysplasia” or “cartilagin- 
ous dystrophy.” For practical purposes it would seem that a 
the conditions previously mentioned properly could tm p ace 
in the category of “benign osteogenic tumors” and efficiently 
described as “chondromas,” which they all are. 

A confusion similar to that of roentgenologic nomenclature 
of the lesions under consideration has long existed in pathologic 
nomenclature because an attempt has been made to esc n 
every shred of tissue found in the individual tumor. If t 
hypothesis is accepted that benign osteogen, c a ™ " 

results oi congenital detects in the penosteum and are re. oils 
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ot a partial loss of the normal inhibitory control over growth, 
then such tumors are all chondromas (Fig. 9a. a). Alteratio 
in the rate of growth of one type of cell might make a given 
tumor a fibroma, a chondroma, an osteoma (Fig. 9m 5) or anv 
combination of these terms that the individual observer might 



Ft£. — a y Chondroma; h, osteoma of the ilium .AJtemtion in the rate 
of crotrth ot one particular type of cell might make such tumors fibromas, 
chondromas, osteomas, or an> combination ox descriptive terms nbdeh an 
observer might wuh to emplo>. 

wish to employ. Mudnous changes in the tumor would add 
the term "myxo-" to the single or the combined appellation. 
All I wish to do herein is to point out the fact that from the 
standpoint of diagnosis and subsequent therapeutic measures, 
a thoroughly adequate and proper diagnosis of any of the con- 
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tion of normal reparation of the bone. The tumor commences 
apparently under the periosteum and seems to have a pre- 



Fist 95 — a. Giant cell tumor, a benign granuloma involving bone, in the 
early stages; b, giant cell tumor: expansion of the tumor obliterates the 
trabeculae and the cortical contour; the wavy remnant or bone tissue and 
the continuity of the shadow of the tumor denote a benign tumor. 


dilection for the epiphysis in contradistinction to the majority 
of other tumors of bone, which have their origin in the meta- 
physeal portion of the bone. The tumor expands centripetallv. 
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ditions mentioned herein would be “benign osteogenic tumor” 
or, if it be wished, “chondroma . 55 

The perfectly obvious fact that I have attempted to estab- 
lish is that any therapeutic measures employed for the tumors 
under consideration must be conservative. Until after matu- 
rity of growth has been attained, at least, correct therapeutic 
procedure would seem to be not to disturb these tumors. This 
contention has been borne out in cases in which, because the 
tumors had attained such a size or were in such a position 
that mechanical interference with function had occurred, an 
attempt was made to remove them. Excepting in those cases 
in which it has been possible to remove every vestige of carti- 
lage or to destroy it, these tumors in general have shown a 
tendency to recur and in recurring have grown very rapidly 
and have attained huge dimensions. In a proportion of cases 
of recurrence, an apparent mutation of the cells has occurred, 
resulting in an osteochondrosarcoma which proved rapidly 
fatal to the patient. 

Because of the nature of the benign osteogenic tumor, it 
shows no definite favorable reaction to radiotherapy. 

Benign Nonosteogenic Tumors. — Benign nonosteogenic 
tumors which involve bone are comparatively rare. Heman- 
gioma may occur in the long bones; it is more frequently seen 
in the vertebral bodies. In long bones it tends to occur just 
under the periosteum and expands centrifugally. The result 
is expansion and distortion of the cortex of the bone, which 
has been very appropriately described roentgenographically as 
a “soap bubble effect . 55 In the vertebral bodies osteolysis of 
the bone and accentuation of the trabecular elements of the 
bone occur, producing a striated appearance which runs ver- 
tically across the translucent shadow of the bone. Pathologic 
fracture occurs rather frequently in hemangioma of the verte- 
bral bodies. 

Giant cell tumor may be classed as a “benign granuloma 
involving bone.” The hypothesis as to causation is that, fol- 
lowing trauma, hemorrhage into the bone occurs. Continued 
function causes secondary hemorrhage which results in aberra- 
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the normal reparative proc^dmJfaTta SusaTion'^^' 1 * “ “ aDomaI - v of 
same condition. The tumor commences at ° \' nt ceU tu mor; b, the 

be earned by growth of the bone into the shaft Phy5eal border and mav 
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crossing the bone and expanding the cortex on the opposite 
side. In the early stages (Fig. 96, a) the bone shadow ex- 
hibits a translucent density with a network of bony trabeculae 
superimposed. As the tumor expands, the trabeculations are 
lost and the shadow of the bone becomes one of a homogeneous 
“ground-glass” appearance. With expansion of the cortex 
the tumor invades the adjacent soft tissue structures (Fig. 
96, b), and the line indicating the cortex may be thinned to 
the point at which it becomes imperceptible. At this stage the 
tumor may be difficult to distinguish from a malignant osteo- 
genic tumor. Observation of the soft tissue region with the 
roentgenogram held in front of a concentrated light will show 
the contour of the shadow to be intact and will establish the 
benign character of the tumor. 

Giant cell tumors respond favorably to radiotherapy. At 
first the roentgenogram may show an apparent increase in size 
and clinically the results may be discouraging but after a short 
period a definite regeneration of the bone occurs and continues. 

Osteodystrophia fibrosa cystica (Fig. 97, a ) and simple or 
hemorrhagic cysts in bone (Fig. 97, b) have a causation similar 
to that of the giant cell tumor. The lesion begins at the meta- 
physeal border of the long bone. Many of such lesions ap- 
parently have existed for years and have been carried by 
growth in length of the bone into the diaphysis. It is note- 
worthy, in this respect, that generalized osteodystrophia fibrosa 
cystica is indicative of tumor of the parathyroid glands with 
an alteration in calcium metabolism; the bone porosis must be 
generalized. Localized osteodystrophia, on the other hand, is 
never significant of tumor of the parathyroid glands. 

Apparently, because of its chronicity, osteodystrophia 
fibrosa cystica does not respond so favorably to radiotherapy 
as do other conditions mentioned. In single cysts involving 
bone, destruction of bone may be so extensive at one point as 
to cause pathologic fracture. To obviate this (or in treatment 
subsequent to such a fracture), it may be necessary to resect 
a portion of the shaft of the bone and to insert a transplant 

of bone. 
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tral or medullary type , (2) the periosteal type, with the “'sun- 
ray effect oi bony spicules radiating at right angles or nearly 
right angles to the shaft of the bone, (3) the sclerosing type 
with its dense eburnation of the metaphyseal portion of the 
shaft. (4) the telangiectatic type, with its diffuse infiltration of 
the soft tissues with bony spicules, producing a “small bush” 
effect in the roentgenogram and (5) the chondrosarcoma which, 
because of its preponderance of cartilage, may be very difficult 
to trace in its “promiscuous” invasion of the surrounding 
tissues. The majority of the lesions mentioned have their 
origin in the metaphyseal portion of the bone, in the growing 
portion, and usually extend toward the diaphysis. Rarely, an 
osteogenic sarcoma will extend into and involve the epiphysis. 
There is a form of osteogenic sarcoma that involves the mid- 
shaft and exhibits a series of waves of bony tissue widely dis- 
tributed through the contiguous soft tissue structures. A 
similar extensive infiltration of the soft tissue structures is seen 
in the presence of some malignant angiomas. In response to 
radiotherapy, these tumors react less favorably than does Ew- 
ings endothelioma, and yet a little more favorably than the 
osteogenic types of sarcoma. 

Malignant Nonost-eogenic Tumors. — Ewing’s endothe- 
lioma is a tumor that has its origin subperiosteally and roent- 
genographically shows evidence of considerable irritation ex- 
emplified by a marked increased density of the bone and an 
elevation of the periosteum in successive layers which gives 
the cortex a laminated appearance (Fig. 9S, 6). This “onion- 
skin'-’ appearance is considered rather pathognomonic of Ew- 
ing's endothelioma. Both the roentgenograpbic image and the 
clinical history of the patient affected frequently simulate verv 
closely the roentgenographic image and clinical history in 
osteomyelitis (Fig. 99. o). and there may be difficulty in dis- 
tinguishing these two lesions. A series of laminations of the 
cortex have been observed, with definite solution of the cortical 
continuity, and above this region a series of short spicule? of 
bone radiate at right angles to the shaft of the bone. An inter- 
esting leature of Ewing's endothelioma is the fact that this 
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. Mali &aant Osteogenic Tumors.— The term ", osteogenic ” 
m relation to malignant tumors involving bone does not neces- 
sarily imply the formation of bone in the tumor. This nomen- 
clature was agreed on to designate a group of tumors that arose 
from b one cells or bone-forming cells, and to distinguish these 




o 


Fig. 9S. — n, Malignant osteogenic tumor, characterized by dissolution of 
the cortical contour and “promiscuous 7 ’ invasion of the contiguous soft tissues; 
b, nonosteogenic malignant tumor (Ewing’s endothelioma), showing marked 
increased density of bone and elevation of the periosteum in successive layers 
which gives the cortex a laminated appearance. 






from tumors which originate from bone marrow cells or the 
vessels of bone or marrow. The characteristic feature of this 
groups as before stated^ is dissolution of the continuity of the 
contour (Fig. 98, a) of the bone as seen in the roentgenogram. 
The various types described in the older textbooks on path- 
ology can be distinguished roentgenographically: (1) the cen- 
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clith of Garre may suggest Ewing’s endothelioma, but these 
conditions are all more definitely demarcated from the sur- 
rounding tissues than is Ewing’s tumor. The ruptured sub- 
periosteal hematoma exhibits coarse strands of bone tissue 
permeating the contiguous soft tissue structures, and the roent- 
geno graphic image which they cast is distinctive enough so 
that they should not be mistaken for Ewing’s endothelioma. 

Malignant angioma is comparative!}' rare. It exhibits a 
grotesque infiltration of the soft tissue structures with wavy 
strands of bone tissue distributed over a wide region. The 
reaction of this type of tumor to radiotherapy already has been 
described. 

Malignant Metastatic Tumors. — Differentiation of Car- 
cinomatous Osteitis and Osteitis Deformans. — The malignant 
metastatic tumors which involve bone have been described. 
An apparently benign type of osteitis similar to Paget’s disease 
(probably a mono-osteitic type of osteitis deformans) is met 
with comparatively frequently involving a single innominate 
bone . This lesion may be difficult at times to distinguish. 
Metastasis from carcinoma of the prostate gland occurs in men 
of about the same age as those in whom osteitis deformans 
occurs. The evidence elicited at roentgenologic examination 
in some cases may be the first suggestion of the lesion in the 
prostate gland. In some cases, even after metastasis has been 
demonstrated, it is difficult to establish by physical examina- 
tion the presence of carcinoma in the prostate gland. The 
course of carcinomatous osteitis and that of osteitis deformans 
often follow the same pattern. One innominate bone may be 
involved in carcinomatous osteitis before there is any evidence 
of involvement of other parts of the skeletal structure. The 
similarity of involvement of bone in these two types of lesions 
lends support to the hypothesis that the bone sclerosis is caused 
by some alteration in the arterial blood supply of the bone. 

The pathologic process in osteitis defomans is subper- 
iosteal deposition of an osteoid tissue. As a result of this 
definite widening of the diameter of the bone occurs. This is 
apparent in the roentgen ographic image of bone affected by 
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tumor reacts favorably to radiotherapy, and adequately treated 
patients who have the tumor will obtain marked regeneration 
of bone in the affected region (Fig. 99, b ), with formation of 



a thick outer shell of bone very similar to that seen in cases 

of chronic osteomyelitis. , • 

The intact form of subperiosteal hematoma and the chronic 
sclerosing osteitis which follow trauma or the localized in fee- 
tive osteitis sometimes spoken of as nonsuppuratmg ostco y 


ROENTGENOGRAPHY in- diagnosis of bone tumors 1065 

osteitis deformans. There is an exaggeration of the trabecular 
elements in the shadow cast by the bone. 

In carcinomatous osteitis, primary osteolysis occurs in 
which evidence of the trabecular elements of the bone is oblit- 
erated. Resorption of the calcium produces osteosclerosis, 
which results in a coarsely granular deepening of the density 
of the bone. There is no apparent enlargement of the shadow 
oi the bone. 

These differential points in carcinomatous osteitis and osteitis 
deformans are best brought out in a roentgenogram which 
shows the bones oi the pelvis and the upper half oi the femoral 
shafts. In osteitis deformans a decided widening of the cortical 
region and a bowing of the shaft of the bone will be seen (Fig. 
100, a). In carcinomatous osteitis there will be no widening of 
the cortex and no tendency toward bowing in the shaft of the 
femur. 

When the physician still has difficult}' in making the dif- 
ferential diagnosis, roentgenographic examination of the skull 
will sometimes show the characteristic widening of bone in the 
vertex in cases of osteitis deformans (Fig. 100. b). whereas the 
skull is not involved in metastasis from carcinoma of the pros- 
tate gland. 

COMMENT AND CONCLUSIONS 

These fundamental principles in the diagnosis of tumors 
involving bone have been enunciated with a view of providing 
a foundation on which to build by experience and observation 
a firmer structure of knowledge pertaining to the recognition of 
tumors of bone and the differential diagnosis of them. 

Too much stress cannot be laid on the fact that tire roent- 
genographic method is only one of several methods of diagnosis 
of this type oi lesion. Correlation of all the facts in each 
patient s history is necessary, and biopsy, when it is necessary, 
done by a competent pathologist, is imperative before any 
radical measures are undertaken, if the best interests of the 
patient concerned are to be served. 
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Fig. 100. — a. Panel's disease of bone (osteod\$trophia deformans) in the 
peine region, characterized b\ a decided widening of the cortical region, b, 
osteod} strophia deformans in the skull, showing characteristic widening of 
bone in the \ertex. 
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For practical purposes the roentgenologic signs of tumors 
affecting the spinal cord may be classified as direct and in- 
direct. The direct signs consist of changes in the surrounding 
vertebral structures due to erosion from pressure by the tumor 
or actual infiltration by it and calcification within the tumor. 
The incidence of these changes varies according to the type of 
tumor but the average incidence for all types is 30 per cent. 
The indirect signs are those observed after the introduction of 
a contrast agent into the spinal subarachnoid space and this 
procedure is known as contrast myelography . It is used when- 
ever the presence, situation or extent of a tumor cannot be 
definitely determined by the usual neurologic or roentgenologic 
examinations. Even though the neurologic localization of a 
lesion may be definite, it is often desirable to establish precise 
localization by means of contrast myelography in order that 
the neurosurgeon may confine laminectomy to the exact level of 
the lesion. Contrast myelography greatly facilitates the early 
diagnosis of tumors within the spinal canal before compression 
of the spinal cord and involvement of the contiguous vertebra 
have occurred. With modern technic small tumors are easilv 
localized by means of a filling defect in the outline of the con- 
trast agent long before complete obstruction of the cerebro- 
spinal fluid has occurred. In the majority of cases the defect 
is so characteristic that the extradural, intradural or intra- 
medullary situation of a tumor can be readily determined. 

\ arious agents are available for use in contrast myelog- 
raphy. They include air . oxygen , iodized oils, iodized solu- 
tions such as are used for intravenous urography and thorium 
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level -svas used, then small, nonobstructing lesions would be- 
come visible by virtue of their space-occupying properties and 
the resultant filling defects. Odin. Runstrom and Lindblom 
shared the same opinion. With this end in new. in about 1930 
I recommended the use of 5 cc. of lipiodol for the work because 
this quantity had been found from previous experience with 
smaller amounts to be optimal for the most nearly accurate and 
co nsis tent localization of nonobstructing lesions. Some lesions 
may be shown with smaller amounts but. on the other hand, 
a number of large tumors and particularly multiple lesions may 
be overlooked when amounts less than 5 cc. are used. 

That lipiodol is an irritant to the spinal meninges has been 
fully admitted by early and recent observers. At the 3Iayo 
C lini c we have frequently warned against its indiscriminate 
use and have emphasized that it is contraindicated in frank 
inflammatory lesions. Nevertheless, the consensus of ex- 
perienced neurologists and neurosurgeons is that, when lip- 
iodol is used judiciously and in selected cases, its advantages 
far outweigh any disadvantages that have been recognized. 
My experience with its use in the recognition of space-occupy- 
ing lesions affecting the spinal cord and cauda equina indicates 
that this procedure has attained a degree of accuracy that is 
equalled by iew other diagnostic roentgenologic methods. The 
indiscriminate use of iodized oil in cases of low back pain or 
sciatic pain is not recommended. Xo contrast agent should be 
used unless the clinical and neurologic examinations indicate 
the possible presence of an intraspinal lesion that cannot be 
localized by ordinary clinical procedures. 

Techxnc of E xamin ation. — The lumbar injection of 
iodized oil is preferred because it is easier and safer to car ry 
out than cisternal puncture. It is important that the iodized 
oil be dear, transparent and only faintly yellow before use. It 
is desirable that the roentgenologic study be carried out as soon 
after the injection as possible., because delayed examination 
and movements of the patient may lead to separation of the 
mass and formation of droplets. A tilting roentgenoscopic 
table with appropriate foot and shoulder rests is necessary. 
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dioxide sol (thorotrast). The ideal contrast agent for this 
purpose has not been found and each of the aforementioned 
substances has certain advantages and disadvantages. Some 
of the latter are serious. The probable situation of the lesion 
and the possibility of whether or not a block of the cerebro- 
spinal fluid is present will influence the selection of the 
mediums to be used. These factors will be discussed in the 
section of this paper in which specific agents are considered. 
Because the fundamental work relating to contrast myelog- 
raphy was carried out with iodized oil and because the diag- 
nostic criteria so well established for this substance form the 
basis for the interpretation of changes observed with other 
agents, iodized oil will be considered first in this discussion. 

IODIZED OIL 

The use of iodized oil for the roentgenologic visualization 
of space-occupying lesions within the spinal canal was intro- 
duced by Sicard and Forestier in 1922. They employed a 40 
per cent iodized poppy seed oil known as “lipiodol.” A short 
time before (1919), Dandy had suggested the injection of air 
into the spinal subarachnoid space as a means of localizing 
obstructing lesions, but because certain difficulties attended the 
use of air he soon abandoned it in favor of the use of lipiodol. 
Numerous other iodized oils are available but in my experience 
none has been so satisfactory as lipiodol, the radiopacity and 
viscosity of which lend themselves especial^ well to contrast 
myelography. From the time of its origin until the present 
decade, lipiodol was thought by many observers to be useful 
onty in the presence of obstructing lesions, and for the demon- 
stration of such it was used in amounts varying from 0.5 cc. 
to 2 cc. Neurosurgery and knowledge concerning tumors of the 
spinal cord have developed speedily in the past ten years and 
it was soon evident that in the interest of better postoperative 
results, some means of localizing a lesion before obstruction 
and irreparable damage to the spinal cord had occurred was 
needed. From my experience I felt that if enough lipiodol to 
visualize the subarachnoid space completely at any desired 
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bv the degree of tilt of the table and the various curves of the 
spinel column. If there is a considerable degree of lordosis., 
scoliosis or kyphosis a greater degree of tilt vzill be nece*san 
to move the oil over the apes of these curves. A slovring-up of 
the movement or a transitory arrest of motion due to lordosis, 
ccoliosis or kvphosis should not be mistaken for an organic ob- 



Fig 101. He. ID:. 

Ffc 101 — Xipiodol outlining normal subarachnoid space m the lower port ot 
the lumbar re-cion and the sacral cuI~cte~S 3 c 
Fm 10: —Upiodol outlining the subarachnoid space in the cervical radon of 
the spinal column- 

struction. Normally. a transitory lag will occur when the 
conus medullaris is readied and again at the peak of the thor- 
acic curve (usually at about the fourth or fifth thoradc verte- 
bral. In the absence of a block in the cervical portion of the 
spinal column it may be impossible to obtain satisfactory 
visualization of the entire cervical portion of the canal without 
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We have recently devised a new table which, although it is of 
the same height as standard tables, wall tilt 90 degrees in either 
direction. This greatly facilitates the examination and permits 
a complete study to be carried out in about a half the time 
formerly required. Some method of quickly recording the 
roentgenoscopic image on film is highty desirable. If a “spot” 
film device is not available, excellent films ma}^ be made by 
the sliding of a cassette under the roentgenoscopic screen, de- 
limiting the region by the roentgenoscopic shutters and chang- 
ing from roentgenoscopic to roentgenologic technic by means 
of a quick change-over switch on the control panel. In addi- 
tion to localized films of the lesion, a large film revealing sev- 
eral contiguous vertebrae is necessary in order accurately to 
establish the anatomic level at which the lesion is situated. 
This is extremely important when surgical intervention is 
contemplated, because congenital variations at the lumbosacral 
junction or the presence of supernumeray lumbar vertebrae 
may easily mislead the neurosurgeon when he counts the 
spinous processes for determination of the site of laminectomy. 
It is necessary that the surgeon and roentgenologist agree on 
the anatomic level at which the lesion is situated before opera- 
tion, since otherwise small lesions might be overlooked when 
laminectomy is not extensive. 

The fundamental object of the roentgenoscopic examina- 
tion is to keep the iodized oil together in one mass and cause 
it to move caudad and cephalad throughout the subarachnoid 
space b}^ varying the tilt of the roentgenoscopic table. The 
examination is commenced with the patient in the prone posi- 
tion, since experience has shown that the oil will flow en masse 
better when the patient is in this position. The head and feet 
are fixed b} r appropriate rests. With the roentgenoscopic 
screen in position, the head end of the table is elevated and the 
oil is allowed to flow into the sacral cul-de-sac and collect in 
one mass (Fig. 101). When this has occurred the foot end of 
the table is gradually elevated and the cephalad excursion of 
the oil throughout the lumbar, thoracic and cervical regions is 
observed. The rate of movement of the oil will be influenced 
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bv keeping lie patient's head turned to one side. As the oil 
over lie upper thoracic curve it trill move up qurcUy into 
to «n“al region. By returning the table partially toward 
the horizontal plane at that time, and by careful manipulation 
of the tilting mechanism the oil can be caused to accumulate 
in a eood-sized mass so that it will tully outline the cervical 
subarachnoid space fFig. 102). After realization of fee 
cervical region has been obtained the table is tilted back to the 



Tiz 105. — Rcenlrencgram made with patient in prone-oblique position to 
repeal the anterolateral postion of a protruded intervertebral disk between 
the third and fourth lumbar vertebrae. 


horizontal position and the return movement of the oil into the 
cul-de-sac is observed. Defects or questionable defects in the 
oil shadow should be checked again as the oil moves caudad 
throughout the suspected region. Any defect to be significant 
must be persistent or capable of repetition. 

After the completion of the examination in the prone 
position the patient is turned into the supine position and the 
roentgenoscopic observation is repeated. Any lesion situated 
anteriorly, such as protruded intervertebral disk, will be re- 
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Fig 103 a, Roentgenogram made with patient in the prone portion, in 
which lipiodol meals a protruded lumbosacral mter\ ertebral di c h on the 
right side, b, roentgenogram made with patient in supine portion, in which 
there is no deforcmt\ to indicate the presence of a protruded intervertebral dish 




Fig 104 — a, Intradural memmnoma 8 mm m diameter mealed b> a 
defect m the shadow cast b\ lipiodol, patient in the prone portion, b, with 
the patient in the supine portion no deformm in the hpiodoJ shadow appears 

some of the oil's passing into the cranial cavity. This can be 
diminished considerably and completely avoided in some cases 
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bv keeping the patient's head turned to one side. As dte °d 
Sows over the upper thoracic curve it rail move «P ° 

the cervical region. By returning the table partial!* toward 
the horizontal plane at that time, and by caretul manipulate 
of the tilling mechanism the oil can be caused to accum a e 
in a «ood-sized mass so that it vrill fully outline the cervical 
subarachnoid space (Fig- 102). After visualization ol the 
cervical re-ion has been obtained the table is tilted back to the 



Rc* 105.-— with patient hy proas -oblique position to 
revesl the ^n:erolateral position of z protruded intervertebral disk between 
the third and f earth lumber verrebreeu 


horizontal position and the return movement oi the oil into the 
cul-de-sac is observed. Defects or questionable defects in the 
oil shadow- should be checked again as the oil moves caudad 
throughout the suspected region. Any defect to be significant 
must be persistent or capable of repetition. 

After the completion of the examination in the prone 
position the patient is turned into the supine position and the 
roentgenoscopic observation is repeated. Any lesion situated 
anteriorly, such as protruded intervertebral disk, will be re- 
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vealed best when the patient is in the prone position (Fig. 
103, a and b ) and lesions situated posteriorly will show better 
when the patient is supine. The reasons for this are obvi- 
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ous. since lipiodol being heavier than the spinal fluid, wi 
gravitate to the dependent portion of the subarachnoid space. 
Small lesions may be visible when the patient is in one position 
and not when he is in the other (Fig. 104. a and b). The ex- 
amination is continued with the making of observations mth 
the patient in the lateral and oblique positions, as may appear 
indicated. Examination with the patient in these latter posi- 
tions a ill serve to establish the anteroposterior relationship of 


Kormal bxtradurol Intradural 



Fir 107 — \xUat ' *Vetch depictinc characteristic shadow produced 
bpioddl in subarachnoid <pace xn norma) sector ot spinal cord and charac- 
ttristic detects m Upiodo! ^hadotc produced fc' extradural and intradural tumors 
afttunq; the tauth equina Ijpiodo) Tnthm the ft ubamdmcud space ir in- 
dirnted m the dmwmz in blacl Xo tree tbit the various nene* roou lie 
witlun the mass of the cal 

any lesion that may be disclosed {.Fig. 105). Localized roent- 
genograms should be made as indicated whenever a defect is 
opened. To expedite the localization for the neurosurgeon, 
the exact level of the defect can be denoted on the patient's 
shin by an indelible mark or a lead indicator uhich will show 
in subsequent roentgenograms. 

Became of the anatomic relationship of the subarachnoid 
'-pace to the spinal cord and the dura, it is readily possible in 
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most instances to determine whether the lesion is extradural, 
intradural or intramedullary (Fig. 106). Caudad to the conus 
medullaris it is possible to determine only whether the lesion 
is extradural or intramedullary (Fig. 107). 

Extradural Lesions. — Lesions of extradural origin will 
produce a corresponding indentation of the lipiodol shadow 
and the roentgenologic characteristics of such lesions are shown 
in Fig. 108. When no obstruction or partial obstruction is 
present the oil will be deflected away from the lesion and by 
rotation of the patient into the oblique and lateral positions the 



Fig. 108 . — Artist's sketch which depicts the characteristic type of deformity 
in the lipiodol shadow produced by (left) a small extradural tumor and (right) 
a large extradural tumor. Notice that the shadow of the subarachnoid space 
is not increased in diameter. 


anterior, posterior or lateral position of the lesion may be as- 
certained readily. When complete obstruction is produced by a 
lesion, the oil shadow will be pushed away from the lesion, 
and terminate in an indefinite manner as shown in Fig. 109. 
It is important to note that the subarachnoid space as revealed 
by lipiodol is not increased in width by extradural lesions. 
This is a significant difference from the deformity produced 
by intramedullary lesions. 

Protrudfd Intervertebral Disk. — The most common 
extradural lesion is an intraspinal protrusion of an interverte- 
bral disk. This most frequently involves the fourth lumbar or 
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lumbosacral interspace, but may occur at any level. I hi * 
lormlty of the iodized oil shadow resulting from a pwl''ndu\ 
intervertebral disk is inlluenced by the following factors*. (1) 
the position of the protrusion, (2) the size of the protrusion, 
(3) associated hypertrophy of the ligamentum Ihtviim, (‘ ) 
changes in the nerve roots (displacement, edema, muddling of 
affected nerve root sleeve) and (SI anatomic variations of the 


tUl Position of the Prolmiwii—Wi * cept in unusual eases the 
protruded fragment is situated in the anterior portion of the 



Vi y W inliiisplimi piohuthm <tf (iu* UtmlmMiuul lutm'nU’luitl <lkU, 
Tin if it it timim In ls|)i unll/itci/il, i al I y Hr of (irfmmity iu tlu* Uplortnl 
MuhImu 


spinal canal and will produce its greatest effect on the column 
of iodized oil when the patient is lying in a prone or prone- 
oblique position. The classic defect is a sharply defined uni- 
lateral rounded indentation of the iodized oil shadow opposite 
an intervertebral disk (Fig. J0<>). It occurs iu about 6S per 
cent of eases, Protrusions at the millline when of moderate 
size may produce only a central defect. 

She <>j the Protrusion.' -Kxcept ns the iodized oil deformity 
may be influenced by the presence of hypertrophy of the Hg a - 
mentvim tlavnm, the larger the protrusion the greater (lie ob- 
struction of the subarachnoid space will be. Partial obstruc- 
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most instances to determine whether the lesion is extradural, 
intradural or intramedullary (Fig. 106). Caudad to the conus 
medullaris it is possible to determine only whether the lesion 
is extradural or intramedullary (Fig. 107). 

Extradural Lesions. — Lesions of extradural origin will 
produce a corresponding indentation of the lipiodol shadow 
and the roentgenologic characteristics of such lesions are shown 
in Fig. 108. When no obstruction or partial obstruction is 
present the oil will be deflected awa}^ from the lesion and by 
rotation of the patient into the oblique and lateral positions the 



Fig. 10S. — Artist’s sketch which depicts the characteristic type of deformity 
in the lipiodol shadow produced by (left) a small extradural tumor and {right) 
a large extradural tumor. Notice that the shadow of the subarachnoid space 
is not increased in diameter. 


anterior, posterior or lateral position of the lesion may be as- 
certained readily. When complete obstruction is produced by a 
lesion, the oil shadow will be pushed away from the lesion, 
and terminate in an indefinite manner as shown in Fig. 109. 
It is important to note that the subarachnoid space as revealed 
by lipiodol is not increased in width by extradural lesions. 
This is a significant difference from the deformity produced 
by intramedullary lesions. 

Protruded Intervertebral Disk. — The most common 
extradural lesion is an intraspinal protrusion of an interverte- 
bral disk. This most frequently involves the fourth lumbar or 
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lumbosacral interspace., but may occur at any level. The de- 
formity of the iodized oil shadow resulting irom a protruded 
intervertebral disk is influenced by the following factors: (1) 
the position of the protrusion, (2) the size of the protrusion 
(3) associated hypertrophy of the ligamentum flavum. (4) 
changes in the nerve roots (displacement, edema, nonfilling of 
affected nerve root sleeve) and (5) anatomic variations ot the 


cul-de-sac* 

Position of the Protrusion . — Except in unusual cases the 
protruded fragment is situated in the anterior portion of the 



FI? 1C<*. — Intraspiuol protrusion ot the lumbosacral intervertebral disk. 
There is a characteristic unilateral* extradural type ox deformity in the lipiodel 
shadow . 


spinal canal and will produce its greatest effect on the column 
of iodized oil when the patient is hang in a prone or prone- 
oblique position. The classic defect is a sharply defined uni- 
lateral rounded indentation of the iodized oil shadow opposite 
an intervertebral disk (Fig. 109). It occurs in about 65 per 
cent of cases. Protrusions at the midline when of moderate 
size may produce only a central defect. 

Stc of the Protrusion . — Except as the iodized oil deformity 
may be influenced by the presence of hypertrophy of the liga- 
mentum flavum. the larger the protrusion the greater the ob- 
struction oi the subarachnoid space will be. Partial obstruc- 
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tion occurs . in about 1 1 per cent of cases and complete 
obstruction in only about 2.5 per cent of cases (Fig. 110, a 
and b). The larger the protrusion, the greater is the tendency 
toward production of a bilateral deformity, which occurs in 
about 35 per cent of cases. 

Hypertrophy of the Ligamentum Flavian . — This condition 
is found frequently in association with a protruded interverte- 



Fig. 110 — Complete obstruction of the subarachnoid space produced by a 
large protruded intervertebral disk situated between the fourth and fifth 
lumbar vertebrae, a, roentgenogram made uith patient in the prone position, 
b, roentgenogram in the lateral aspect ; note posterior deviation of the lipiodol 
at the site of protrusion. 


bral disk. It usually occurs at the same level as the protrusion, 
but occasionally may be found at other interspaces. Localized 
hypertrophy of the Jigamentum flavum without coincidental 
protrusion of a disk is not common. When it does occur it 
may imitate all the clinical phenomena of a protruded inter- 
vertebral disk. Because of the anatomic situation of the liga- 
mentum flavum, this structure when it is hypertrophied will 
compress the column of iodized oil posteriorly and laterally. 
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In the lateral view, its presence is characterized by a broad or 
rounded indentation on the posterior aspect oi the shadow o 
the iodized oil between contiguous laminas. When the patient 
is in the prone or supine position the hypertrophy is portrat ed 
bv a broad indentation of the column of iodized oil., generally 



Fiz 111 ~ Istraspinal protrusion of tie intervertebral disk between the 
fourth nnd nith lumbar vertebrae, with associated hypertrophy of the Hpa- 
mentun cavum. with characteristic deformity in the Kpiodol shadow; c, an- 
teroposterior view, shovrinr bilateral breed defect caused by hypemopbied 
Barmen turn tbvum; b s bterai view. showing interior indentation caused by 
protruded intervertebral disk nrd indentation cn the posterior aspect oi the 
lipiodol column resulting iron pressure from the hypertrophied liaimentum 
fiavuun 


bilateral but occasionally unilateral. When considerable hy- 
pertrophy oi the ligamentum flavum accompanies a large pro- 
truded dish, the mass of iodized oil is compressed between the 
protruded dish anteriorly and the hypertrophied ligamentum 
ftavum posteriorly and lateral!}'. The resultant defonnitv is 
characteristic (Fig. Ill, <z and 6 ). 


1080 


JOHN D. CAMP 


Changes in the Shadow of Nerve Roots. — In about a third 
of the cases of protruded intervertebral disk, displacement of 
shadows of nerve roots will be visible at the site of the pro- 
trusion. Abnormal enlargement of a nerve root shadow indi- 
cating edema is frequently observed in roentgenograms at or 
just above the site of a protruded disk (Fig. 112). An early 
change that results from edema of a nerve root is obliteration 


r- 



Fig. 112 — Complete obstruction of lipiodol produced by an intraspinal 
protrusion of the intervertebral dish between the third and fourth lumbar ver- 
tebrae. The longitudinal defect in the lipiodol shadow’ is caused by edema of 
the third lumbar nerve root. 

of the usual shadow of the nerve sleeve where the root passes 
through the dura. 

Anatomic Variations of the Cul-dc-sac. — Two anomalies of 
the terminal portion of the cul-de-sac which occur in about 5 
per cent of cases may complicate the roentgenologic diagnosis 
of a protruded lumbosacral intervertebral disk. The first is 
an anomaly in which the terminal portion of the cul-de-sac is 
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narrower than usual below the level of the fourth lumbar inter- 
vertebral space. In such a case a moderate protrusion ol the 
lumbosacral disk may not deform the narrow subarachnoid 
space and a large protrusion may produce only a minimal de- 
fect. The second anomaly is one in which the cul-de-sac 
terminate'' one or two segments more cephalad than usual with 
or without a variation in its diameter. In a few instances, the 
cul-de-sac will terminate above tbe level ol the lumbosacral 
interspace. When either condition is present (especially the 



Fm 115 — -Artist's sketch detecting characteristic deformity of lipiodol 
shidow produced by a small, a medium and a large intradural extramedullary 
tunor. Notice that the margins of the defect are sharply denned, and that 
the iipicdol tend* to engulf the tumor, 

latter") . it is obvious that a lumbosacral protrusion may not be 
disclosed by means of iodized oil or any other contrast agent. 

Intradural Lesions. — Because of the intimate relation- 
ship of the arachnoid to the dura and pia any extramedullary 
lesion originating internal to the dura may for practical con- 
sideration by the roentgenologist be thought of as beins sit- 
uated within the cavity containing the iodized oil. Thus, the 
tumor trill deform the oil shadow in much the same wav as a 
polyp within the stomach will displace the surrounding barium 
(Fig- 1131. When the tumor is small and no obstruction is 
present, the oil will engulf the tumor mass which will be re- 
vealed as a sharply defined defect in the shadow of the oil (Fig. 



Fig 114 — A non obstructing intradural eTtrameduIIarv meningioma re- 
vealed b\ lipiodol, a, defect as <=een m the anteroposterior \ie\v indicates that 
the tumor is situated on the left cde, b, defect as <een in the lateral view 
indicates that the tumor is situated antenorh , c, artist’s sketch of t is tumor 
Notice that the tumor is anterior to, and to the Jeft of, (he «pina cor 
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1U a 6 and c) . As the tumor increases in size, the defect is 

corre'pondinglv enlarged until obstruction takes place. At this 
point the sharply defined “half moon-shaped' deformity so 
characteristic of intradural lesions (Fig. 115) is most obvious. 

Rarely can the roentgenologist predict the cytologic aspects 
of an intradural tumor on the basis of the myelographic find- 
ing. Exceptions to this occur in the presence of very vascular 
tumors (arteriovenous fistula, hemangioma) and neurofibroma- 



Fig XU, — Intradural extramedullary neurofibroma opposite the twelfth 
thoracic vertebra, producing complete obstruction to lipiodol in the spinal sub- 
arachnoid space. This lateral view reveals a ‘'halt-moon"* piling detect char- 
acteristic of complete!}' obstructing intradural extramedullary tumors. 

losis. In the former the tortuous pulsating defect of enlarged 
blood vessels is easily identified (Figs 116. a and 6) and in the 
latter, the defects of multiple variously sized tumor masses and 
enlarged nerve roots portray the identity of the underlying 
condition (Fig. 117 , ti and 6). 

Intramedullary Lesions.— Fundamentally, these lesions 
when occurring cephalad to the conus produce a more or less 
fusiform enlargement of the spinal cord (Fig. 1 IS). Edema 
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Ffg 116 — a, Roentgenographic appearance of arteriovenous fistula, in 
which an irregular filling defect is produced by the tortuous, dilated vessels; b } 
artist’s sketch of this lesion as seen at operation 
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Fie us Artist's sketch, depicting (/«//) shadow produced by femfeA » 

the normal subarachnoid space and (center and right) defects u> the bptodol 
shadow produced by an intramedullary tumor. 



Fig. 119. Fig. 120. 

Fig. 119. — Anteroposterior view of an intramedullary tumor which is pro- 
ducing a fusiform filling defect and obstruction of lipiodoh Notice the shadows 
of tortuous blood vessels on the surface of the expanded spinal cord. 

Fig. 120. — Anteroposterior roentgenogram of multiple intraspinal protru- 
sions of the intervertebral disks between the third and fourth lumbar verte- 
brae, as revealed by defects in the hpiodo) shadow, 

of the cord and dilatation and tortuosity of overlying blood 
vessels may occur secondarily. Because of the expanded spinal 


XUOH- 


JOHN D. CAMP 



Fig. 116 — a, Rcentgenographic appearance of arteriovenous fistula, in 
which an irregular filling defect is produced by the tortuous, dilated vessels; b, 
artist’s sketch of this Jesion as seen at operation. 
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ritt. lipiodol is influenced steady by the experience of the 
examiner and the thoroughness of die examination. It nuU 
be emphasized that the method is essentially a roentgenoscopic 
procedure, ^hich constitutes a distinct advantage m that the 
presence and characteristics of a suspected defect mar be 
checked repeatedly. Additional roentgenograms of course 
should be made of all defects. Examinations based on the use 
of inadequate amounts of iodized oil and roentgenograms alone 
frequently are valueless and often are misleading. 


Fig. 121 — a f Intradural extramedullary tumor situated at the first thoracic 
\ertebra as revealed by lipiodol; b , multiple protruded intervertebral disks in 
the lumbar region (same patient as is concerned in a). 


Details of the errors occurring in a group of 417 studies 
made with lipiodol have been reported by Addington and me. 
In that study the injection of lipiodol into the subarachnoid 
space localized the lesion with an approximation of accuracy of 
96.S per cent and identified the character of the lesion with an 
approximation of accuracy of 90.S per cent. 

Reactions to the Injection of Lipiodol.— It is difficult 
to appraise accurately the amount of reaction, if any. that a 
patient may experience after the injection of lipiodol into the 
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cord, the surrounding subarachnoid space is secondarily com- 
pressed and there results a defect in the lipiodol shadow which 
more or less conforms to the fusiform expansion caused by the 
tumor (Fig. 119). The margins of the defect are indistinct 
and fade out as they approach the point of greatest expansion. 
When the lipiodol moves into the region of an intramedullary 
tumor, the oil shadow is split and the two lateral portions will 
diverge around the expanded cord. 

Caudad to the conus the spinal cord is replaced by the in- 
dividual roots of the cauda equina (Fig. 107). Intramedullary 
tumors arising from individual nerve roots of the cauda equina 
cannot be distinguished roentgenographically from primary 
tumors of nerve roots (neurofibroma) and both will produce 
the myelographic image of an intradural tumor. Edema of 
individual nerve roots frequently results from pressure sec- 
ondary to a protruded intervertebral disk and occasionally, 
from a tumor. This is identified by an enlargement of the 
shadow of the affected nerve root (Fig. 112). 

Multiple Tumors. — Multiple tumors affecting the spinal 
cord are not common, but since they have been found in 4 per 
cent of tumors of the spinal cord 1 the roentgenologist should 
study the entire spinal canal when lipiodol is used, regardless 
of whether or not a lesion is found at the level under suspicion 
clinically. Multiple tumors may produce confusing clinical 
signs and unless they are recognized before operation, the 
surgical results may prove disappointing, since if the lesions are 
separated by several segments, some may be overlooked. 
Multiple protrusions of the intervertebral disks occur in 12 per 
cent of cases of protruded disks 1 (Fig. 120) and they usually 
but not necessarily involve contiguous segments. A patient 
who has a protruded intervertebral disk may also have a tumor 
of the spinal cord in a region contiguous to or remote from that 
of the protrusion (Fig. 121, a and b) and I have had experi- 
ence with several such cases. 

Accuracy of Examinations Made with Lipiodol. Like 
any diagnostic procedure which is based on personal observa- 
tions and deductions, the accuracy of the examination made 



CONTRAST MYELOGRAPHY 


10S7 


With lipiodol is influenced greatly by the experience of the 
examiner and the thoroughness of the examination. It must 
be emphasized that the method is essentially a roentgenoscopic 
procedure, which constitutes a distinct advantage m that the 
presence and characteristics of a suspected defect may be 
checked repeatedly. Additional roentgenograms ot course 
should be made of all defects. Examinations based on the use 
of inadequate amounts of iodized oil and roentgenograms alone 
frequently are valueless and often are misleading. 



Fig 121 — Intradural extramedullary tumor situated at the first thoracic 
vertebra as re\ealed by lipiodol; 6, multiple protruded intervertebral disks in 
the lumbar region (same patient as is concerned in a). 


Details of the errors occurring in a group of 417 studies 
made with lipiodol have been reported by Addington and me. 
In that study the injection of lipiodol into the subarachnoid 
space localized the lesion with an approximation of accuracv of 
%.S per cent and identified the character of the lesion with an 
approximation of accuracy of 90.S per cent. 

Reactions to the Injection of Lipiodol.— It is difficult 
to appraise accurately the amount of reaction, if any, that a 
patient may experience after the injection of lipiodol into the 
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subarachnoid space. In most instances the examination is 
antedated by recent lumbar puncture and under such circum- 
stances it is hard to say which symptoms are due to one pro- 
cedure and which to the other. In the great majority of cases 
in which a positive diagnosis was made, operation was carried 
out immediately after the examination or so soon afterward 
that it became impossible to judge symptoms because of the 
interjected surgical procedure. On the basis of my experience 
with lipiodol over many years, it is my opinion that the reac- 
tion which follows the use of 5 cc. of the medium is no greater 
than that occasioned by the use of 2 cc., and, because 5 cc. 
will reveal lesions more nearly accurately than 2 cc. or less, I 
believe it is the quantity of choice. Two of my colleagues, 
Walsh and Love, have studied the meningeal response after 
the subarachnoid injection of lipiodol and they wrote: 

“Our findings corroborate the findings of others that a 
transitory meningeal irritation occurs following the injection 
of iodized oil into the subarachnoid space. It is, however, of 
mild degree, as evidenced by the changes in the spinal fluid. 
It is equalled, as far as the acute phase goes, by the reaction to 
the intraspinal insufflation of air, in which Thurzo and Nagy 
reported an increase of from 400 to 3,000 cells in the spinal 
fluid of man with an accompanying increase of total protein, 
and with concomitant signs of meningeal irritation. It is well 
known and has been demonstrated often that the subarachnoid 
injection of any foreign substance causes a meningeal reaction, 
the severity and duration of which depend on the irritating 
properties of the substance. When the reaction in the sub- 
arachnoid space to iodized oil is compared to the known reac- 
tion to numerous other agents , iodized oil may be classified as 
a substance provoking a mild and benign meningeal irritation. 

“We have seen no clinical reactions to iodized oil that might 
not have been produced a spinal or cisternal puncture with 
the withdrawal of spinal fluid alone and we agree in this re- 
spect with Globus. In the large number of laminectomies for 
removal of protruded intervertebral disks that have been per- 
formed at the Clinic at intervals varying from a few minutes 
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to two rears after the intrasplnal injection of iodized oil, no 
visible evidence of irritation of the meninges or nerve roots 
attributable to the iodized oil alone has been noted at operation. 

It is probable, however, that the injection of iodized oil into 
the subarachnoid space in certain cases in which partial or 
complete obstruction of the circulation of the spinal fluid 
exists misht accentuate the clinical symptoms. Since in the^e 
cases operation is indicated, and should immediately follow the 
localization of the lesion, permanent damage is not done; 5 

Medicolegal Objections to Radiopaque Oil. — -The great- 
est objection to the use of an iodized oil is a psychologic one. 
based on the fact that unless it is removed the oil remains 
permanently visible. Since the history of many patients suf- 
fering from conditions of the back is complicated by injuries 
and insurance or medicolegal entanglements, it is good judg- 
ment not to attempt the use of a radiopaque oil until all other 
practical methods of clarifying the diagnosis have been used. 
Resourceful attorneys and malingering patients may use roent- 
genograms which reveal the shadow of the remaining oil as a 
tangible basis for claiming aggravation of symptoms and such 
roentgenograms may have a profound effect on a sympathetic 
jury. 

The methods of examination which have been described 
herein apply to the use of other iodized oils as well as lipiodol, 
and the objections to their use are the same. Iodized solutions 
such as those used for intravenous urography cannot be recom- 
mended for use in the subarachnoid space because of their 
marked irritant effect on the meninges. When thev are used 
in dilutions that avoid this, their radiopacity is so diminished 
that they are of no practical value. 

THORIUM DIOXIDE SOE 

Thorium dioxide sol. although it is an excellent radiopaque 
medium, is open to criticism because of its radioactivity and 
inherent danger when it is left within the body. In my experi- 
ence with animals, thorium dioxide sol has proved to be a 
severe meningeal irritant and at the Clinic we have therefore 
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refrained from using it for human beings. By devising a 
method for its rapid elimination from the spinal subarachnoid 
space, Nosik has used thorium dioxide sol rather successfully 
for the visualization of protruded intervertebral disks in the 
lower lumbar portion of the spinal canal. His original report 
should be consulted for details concerning use of this medium. 
In brief, the technic consists of the injection of 10 cc. of 
thorium dioxide sol into the lower lumbar part of the subarach- 
noid space. The media is maintained in that situation by keep- 
ing the patient in a semirecumbent position. Roentgenograms 
of the area are made. Roentgenoscopy is not attempted. After 
the examination the spinal puncture needle is reintroduced and 
with forced spinal drainage provoked by the intravenous ad- 
ministration of an 0.45 per cent hypotonic solution of sodium 
chloride the thorium dioxide sol is removed. Subsequent 
roentgenograms and chemical examination of the spinal fluid 
recovered indicate that practically all of the medium is elim- 
inated. 

Roentgenograms made with this medium are excellent, and 
permit visualization not only of the lesion but of the nerve 
roots comprising the cauda equina. The method is useful pri- 
marily for the demonstration of lesions in the lower lumbar 
portion of the spinal canal, and for localization of protruded 
intervertebral disks in particular. Its disadvantages lie in the 
fact that generall} 7 onh 7 the three distal lumbar segments can 
be visualized. Because it is rapidly diluted by the spinal fluid 
when it is moved into other portions of the spinal canal, tho- 
rium dioxide sol is not satisfactory for the detection of tumors 
involving the conus medullaris or spinal cord. This may be 
a serious disadvantage, for it is not always possible to distin- 
guish by clinical means tumors situated at and just below the 
conus from protruded intervertebral disks at the fourth lumbar 
or lumbosacral interspaces. Thorium dioxide sol is a severe 
irritant when it is injected into subcutaneous tissues and, when 
it is used, every effort should be made to keep it from entering 
the epidural space, from which it cannot be recovere 
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MYELOORAPHY "WITH AIR 

The use of air or oxygen for the visualization of the spinal 
subarachnoid space has been revived in recent years and this 
procedure has certain advantages: (1) there are no contrain- 
dications to its use. (2) the air is resorbed after tire examina- 
tion. (3) there is no irritating effect from the injection other 
than that resulting temporarily from the injection.. (4) roent- 
genoscopic observation is not necessary and since the findings 
are recorded on roentgenograms these may be studied at the 
examiner’s convenience. 

On the other hand, there are certain disadvantages to the 
use of myelography with air: (1) the procedure is unsatisfac- 
tory for nonobstructing lesions which are situated above the 
level of the conus medullaris, (2) the shadows produced with 
air and defects revealed by it are less distinct than those ob- 
served when iodized oil is used, their interpretation is corre- 
spondingly more difficult and unless the examiner is experienced 
in the procedure the likelihood of error is greatly increased, 
(3) roentgenoscopic verification of any defect is not possible, 
(.4) inconclusive results of examination are much more fre- 
quent when air is used than when iodized oil is used and (5) 
experience has shown that the results of studies made with air 
(especially when such results are negative) are less accurate 
than the results obtained with iodized oil. 

Experience indicates that if the suspected level of a lesion 
is at or above the conus medullaris. the use of air or oxygen will 
not help in the diagnosis unless obstruction of the subarachnoid 
space has occurred, because it is very difficult to retain air or 
oxygen in a desired position in the thoracic or cervical portion 
of the spinal canal. Its use in these regions is further com- 
plicated by the superhnposition of the shadow of air in the 
trachea, larynx and pharynx, which renders interpretation, of 
resulting shadows difficult or impossible. Iodized oil is there- 
fore the medium of choice for the demonstration of lesions 
situated at or above the conus medullaris. 

Statistics indicate that the great majority of protruded 
intervertebral disks occur in the lumbar and lumbosacral 
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regions, where they are accessible to examination by means of 
either air or iodized oil. Since there is a reasonable chance 
that the protruded disks may be disclosed by means of air or 
ox yg en it probably is good judgment to attempt to localize 
them by this method before iodized oil is resorted to. If the 
results of the studies made with air are positive, much has been 
gained and if the results are inconclusive or unsatisfactory, 
iodized oil may still be used. If studies made with air result 
in negative findings and the history and neurologic examination 
indicate the probable presence of a lesion, the surgeon must 
then decide whether to check the findings in the myelogram 
made with air by means of iodized oil or to advise laminectomy 
on the basis of the history and neurologic observations. 

Technic of Myelography with Air. — The methods and 
principles of the examination are essentially the same whethei 
air or oxygen is used. Oxygen is more rapidly absorbed from 
the subarachnoid space than ordinary air, and the likelihood 
of headache following the procedure is considerably reduced. 
At the Clinic, in our experience with the use of air, it has been 
found that postmyelographic headache may be prevented or 
quickly aborted by the patient’s use of an oxygen mask at the 
first sign of discomfort. 

Patients who are to undergo myelograplty with air are 
placed in the lateral recumbent position on the .r-ray table. 
The shoulders of the patient are supported by a comfortable 
and well-padded shoulder rest and the thighs and feet are 
fixed b\r means of a traction band that passes about the thighs 
and is adjusted by means of a windlass. A lumbar puncture 
needle is inserted in the first or second lumbar interspace and 
10 cc. of spinal fluid is removed for cytologic study. The 
spinal fluid needle is maintained in position and the table is 
tilted 40 degrees toward the head (Fig. 122, a and b). A 20 
cc. Luer syringe is now attached to the needle by means of a 
rubber connector and 10 cc. of air is injected. The syringe is 
then removed and spinal fluid is allowed to drain from the 
needle. After the collection of each additional 10 cc. of fluid 
a corresponding amount of air is injected and this procedure 
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is repeated until spinal fluid ceases to flow. When this point is 
reached the back of the sacrum is tapped vigorously with the 
heel of the fist to release any fluid that may be trapped in the 
sacral cul-de-sac by an air lock. Frequently, an additional 5 
to IS cc. of fluid may be obtained by this procedure. The in- 
jection is completed by the addition of 10 cc. more air than 
cubic centimeters of fluid removed. At least 40 cc. of air is 
needed for a satisfactory examination. The needle is then 
withdrawn and the puncture wound is sealed with collodion 
cotton. With the patient still in the lateral recumbent position, 
and with the table at an angle of 40 degrees, stereoscopic lateral 
roentgenograms (14 by 17 inches or about 36 by 43 cm.) are 
made. A cross-table stereoscopic shift is used to avoid over- 
lapping of the shadows of the intervertebral spaces by the 
vertebral bodies. The patient is next turned over into the 
supine position and stereoscopic anteroposterior roentgeno- 
grams (14 by 17 inches) are made by means of a cross-table 
stereoscopic shift (Fig. 123, a and b ). The table is then tilted 
back to an angle of 10 degrees and the patient is transferred 
to a surgical carriage on which pillows have been placed to 
maintain an elevated position of the pelvis and lower part of 
the spinal column. The patient is next transferred to his room 
and placed in a bed, the foot end of which has been elevated by 
blocks. After the roentgenologic examination, the patient is 
cautioned not to raise his head; this warning is given so that a 
sudden movement of air into the cranial cavity may be avoided. 
The patient is kept in bed for twenty-four hours after the 
examination and an oxygen mask is used as indicated. 

Early in this work at the Clinic additional roentgenograms 
with the patient in various oblique positions were made, and 
exposures with a horizontal x-ray beam were used. Since they 
revealed no information in addition to that obtained from the 
routine anteroposterior and lateral stereoroentgenograms, we 
have discontinued to use them routinely. Experiments with 
varying degrees of exposure indicate that the air shadows are 
best portrayed when that part of the roentgenogram which 



CONTRAST MYELOGRAPHY 


1095 



VI/ f, 123,—MyrhwrniiUic cxamfimllon nirrlnl mil with nlr; n, IntrmJ view; h, view from above*. The pnflrnl Men In lli« 
mipbic ponllfoii for Hie* smiml rornlKrnoKrntn, nml lh« In llllrel lo 40 clfKrcri, 
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depicts the lumbar portion of the spinal column itself is slight!}' 
overexposed. 

Interpretation of Observations. — Because of the great 
difference between the radiographic density of iodized oil and 



Fig. 124. — -Normal results of myelography ^ a ’ shadow 

teroposterior in which the subarac _noi ^-P latera l view, in which 

of diminished density (air) within the -P , er!or border of the ver- 

the air shadow is in intimate contact wrth 
tebral bodies and the intervertebral disks. 

Vi. __,. r TT-iipn the latter mediums 
air or oxygen, the defects t a o frequen tly overlooked by 
are used are much less o vious sub ' ar achnoid space 

the inexperienced examiner. h.ormaii> 
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is revealed as a homogeneous shadow of diminished density ex- 
tending throughout the spinal canal. In the usual examination 
for determination of the presence of a protruded intervertebral 
disk., the subarachnoid space becomes visible up to abou e 
tenth thoracic segment. This is influenced natural > > ® 

amount of air injected, which in the average case is between 40 
and 60 cc. In the anteroposterior view the lateral margins o 



Fig. 125. — : Myelogram made with air, revealing a protruded intervertebral 
disk between the fourth and hith lumbar vertebrae; c, anteroposterior view, 
in which bilateral narrowing oi the air shadow at the level or the protrusion 
can be seen; 6, lateral view, ia which the protruded disk has produced an 
indentation on the anterior aspect of the air shadow, the most common type 
of deformity encountered in air myelograms when a protruded intervertebral 
disk Is present. 

the subarachnoid space are well defined and are parallel 
throughout (Tig, 124. a and 6). The nerve sleeve shadows 
which are commonly seen when iodized oil is used are not fre- 
quently portrayed by air. The nerve root shadows of the 
cauda equina occasionally may be demonstrated. In the 
lateral view the anterior border of the subarachnoid space is 
in close apposition to the contiguous surface of the vertebral 
bodies and intervertebral disks, Posteriorly, the margins of 
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the subarachnoid space are Jess clearly defined, especially 
where the shadows of the pedicles and laminas are superim- 
posed upon it. 


The classic deformity produced by a protruded interverte- 
bral disk is an indentation corresponding to the protrusion, on 
the anterior aspect of the air column opposite the involved 



Fig. 126 — a, Anteroposterior view; b f lateral view, imclogram made with 
air in which a protruded intervertebral dish is seen between the fourth and 
fifth lumbar vertebrae. The continuity of the air shadow' opposite the site of 
the lesion is interrupted and appears to be obliterated. 


interspace. In most cases the deformity is best defined in the 
lateral view (Fig. 125, a). In the anteroposterior view the 
protrusion may be evident as a unilateral indentation (Fig. 
125, b ). or as a contralateral displacement of the air column. 
In many instances the continuity of the air shadow appears to 
be interrupted opposite the site of the protruded disk in the 
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anteroposterior view (Fig. 126. a, b). Associated hypertrophy 
of the ligamentum flavitm may augment the deformity and pro- 
duce an indentation on the posterior aspect of the air column m 
the lateral view and a bilateral narrowing of tire air shadow m 
the anteroposterior view. In many instances the air column 
will seem to terminate in a fusiform manner opposite the le\el 
of the protrusion. Compression of the air shadow between the 



Fig 127 — a, Lateral myelogram made with air ot a protruded interver- 
tebral dbL at the lumbosacral junction; posterior displacement of the air 
column and fusiform termination of the air shadow with apparent obstruction 
opposite the midportion of the body of the fifth lumbar vertebra can be seen; 
f\ nnelogram made with iodized oiL same patient as in a* in which a deformity 
m the anterior aspect of the lipiodol column, produced b\ the protruded dish, 
can be seen The amount of iodized oil in the cul-de-sac caudad to the 
Ifcsion indicates that there is no obstruction, as might be suggested by the 
nwdogram made with air (c). 


protruded disk anteriorly and the hypertrophied ligamentum 
flavum posteriorly gives rise to the fusiform termination of the 
air shadow (Fig. 127, a). An erroneous impression that the 
subarachnoid space is obstructed frequently is deduced from 
this deformity. The deformity can be explained by the fact 
that the air in the subarachnoid space is not under pressure; 
because of its specific gravity it is unable to force itself between 
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the disk and ligament. The absence of an obstruction in such 
cases is easily demonstrated if lipiodol is used subsequently 
(Fig. 127, b ). The weight of the lipiodol is sufficient to carry 
it past the site of the protrusion, except of course in the 2 per 
cent of cases in which actual obstruction occurs. The frequent 
inability of air to outline the subarachnoid space caudad to a 
protruded disk is a disadvantage, since in such a circumstance 
a second protrusion distal to the first cannot be excluded. 
When such a situation involves the fourth lumbar disk it is not 
so serious, since both the fourth and lumbosacral interspaces 
can be explored by the neurosurgeon in the course of lamin- 
ectomy involving only the fifth lumbar vertebra. However, 
when the situation involves the second or third lumbar inter- 
space more extensive laminectomy than usual may be necessary 
for the surgeon confidently to exclude other protrusions distal 
to the one revealed in the myelogram made with air. 

A tumor affecting the spinal cord should be suspected if the 
protein content of the spinal fluid is considerably elevated. If 
the lesion is within the lower thoracic or lumbar portions of the 
spinal canal and no obstruction is present, the mass may be 
revealed by virtue of its contrasting density when myelography 
with air is used. However, because of the numerous shadows 
of bony structures that are superimposed on the air-filled sub- 
arachnoid space, the outline of a nonobstructing tumor may be 
entirely obscured. When obstruction of the subarachnoid 
space has occurred in any portion of the spinal canal, myelog- 
raphy with air carried out caudad to the obstruction will 
clearly define the point of obstruction and frequently will out- 
line the distal contour of the tumor itself. When the tumor is 
in the lumbar region, the air may be introduced cephalad to 
the lesion and in this case the upper contour of the tumor will 
be revealed by the air at the point of obstruction (Fig. 128). 
Unless obstruction is present, myelography with air is not a 
practical procedure for the localization of tumors situated 

above the conus medullarfs. , , 

Evaluation of the Procedure. — Myelography with air 
has its greatest value in that group of cases in which a deform- 
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itv or lesion is revealed by the procedure. In my experience 
a'lesion has been found by the neurosurgeon at the site ot the 
deformity in about 90 per cent of such cases in which the 
patients have been operated on. My greatest objection to the 
procedure is based on the fact that a negative result of a mye- 
logram made with air has proved to be comparatively unre- 



level of the lower margin of the second lumbar vertebra can be seen; the 
rounded upper border of the tumor is dearly denned at the point of ob- 
struction by contrast with the air which was injected oephalad to the lesion; 
j anteroposterior view, lipiodol within the subarachnoid space cepbalad to 
the tumor, serving to confirm the level at which the tumor mass which was 
revealed by air (o) is situated. 


liable. In my experience a lesion has been found by the sur- 
geon in a high percentage (74 per cent) of cases in vrhich the 
patients were operated on regardless of the negative results of 
^ myelogram made with air. This fact should not be lost sight 
oi by the clinician when he appraises the results of such studies 
made with air. When the use of air (or oxygen) reveals either 
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a deformity that will not account for the patient’s symptoms, 
or a lesion, the level of which is not compatible with the symp- 
toms, the results should be confirmed by myelography with 
iodized oil before treatment by laminectomy is advised. Addi- 
tional experience with air myelography undoubtedly will result 
in some improvement of the degree of diagnostic accuracy of 
the procedure. However, because of certain basic limitations 
of the method, it is not likely that its efficiency will ever equal 
that attained by myelography carried out with iodized oil. 
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TUMORS OF THE SCALP 

Clinically the diagnosis of tumors involving the scalp pre- 
sents little difficulty in the average case. The size of the lesion, 
its mode of onset, color, consistency, mobility and duration in 
most instances will suffice to divulge its character. Neverthe- 
less, in spite of this seeming simplicity of diagnosis, there are 
certain affections in which changes in the scalp are related so 
intimately to lesions or structural defects in the underhung 
calvarium that an accurate diagnosis can be rendered only 
after roentgenologic examination. The importance of a roent- 
genologic study of the skull in all cases in which surgical inter- 
vention is contemplated for a lesion of the scalp should not 
be underestimated, for frequently seemingly innocent nodules 
m scalp are expressions of systemic, osseous or intracranial 
disease and the blind excision of such nodules may be hazard- 
ous to the patient or embarrassing to the surgeon. 

V ith a properly adapted roentgenographic technic the soft 
teues of the scalp, the calvarium or its contents may be ex- 
amined at ndll. A soft or low voltage roentgenographic technic 
vdll reveal the soft tissues of the scalp to best advantage but, 
since the average roentgenogram of the head is made pre- 
dominantly for bone detail, the surrounding soft tissue shadows 
not be visible unless the film is examined in front of a small 

spotlight. 

Roentgenographicallv the scalp is revealed as a more or less 
omogeneous shadow of increased density surrounding the 
03 %arium - In the occipital region where the mass of tissue is 
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thicker, shadows representing the epidermis, subcutaneous 
tissue, fascia and muscles may be identified. Shadows due to 
the hair may or may not be visible. When the normal appear- 
ance of the hair has been modified by the presence of braids, 
dye, oil, other preparations or blood, shadows of varying 
density may result. Some of these, when superimposed on the 
shadow of the calvarium, may be mistaken for intracranial or 
osseous pathologic changes unless stereoscopic roentgenograms 
are available. 

Tumors of the scalp may be grouped as congenital, devel- 
opmental, neoplastic, traumatic and inflammatory. 

Congenital and Developmental Lesions. — The most 
common congenital tumors of the scalp are vascular and may 
be grouped as nevi, hemangiomas, arteriovenous fistulas and 
sinus pericranii. Many of these lesions are associated with 
underlying variations in the vascularity of the calvarium which 
are readily apparent roentgenologically. In a certain variety of 
hemangioma known as Sturge-Weber syndrome , the lesion is 
distributed in a more or less triangular manner in the parietal 
and occipital regions of the scalp. Large, tortuous vessels are 
also present over the brain in the corresponding region and 
within the brain cortex there occurs extensive calcification 
which has a characteristic appearance. The calvarium on the 
affected side is thicker and not as fully expanded as on the un- 
affected side, indicating impaired development of the underly- 
ing brain. 

Sinus pericranii is a congenital anomaly in which one or 
more emissary veins connect with the large intracranial blood 
sinuses through abnormal foramina in the skull. It is char- 
acterized by a soft fluctuant swelling which increases in size 
when the patient is recumbent and may be reduced by pressure. 
Roentgenographically the lesion is associated with a rarefaction 
or perforation of the calvarium at the site of the soft tissue 
mass with widening of the contiguous diploe. Since the lesion 
is located most frequently in the forehead, sagittal suture or 
occiput, it may be confounded with a meningocele or enceph- 
alocele.' The latter conditions, however, represent herniations 
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of intracranial structures which always occur in suture lines or 
at suture junctures. The bone defect at the point of perfora- 
tion is rounded and sharply demarcated and there is no in- 
creased vascularity, in contradistinction to sinus pericranii. 

Neoplastic Lesions. — -With one or two exceptions the 
common benign tumors of the scalp have no distinguishing 
roentgenographic characteristics and are revealed only as dis- 
crete rounded enlargements of the shadow of the scalp. 
Sebaceous cysts occasionally may undergo partial calcification 
and lipomas, because their fatty structure is translucent to 
roentgen rays, may be identified by their rarefied appearance as 
it stands out in contrast to the surrounding soft parts. 

Ualignant tumors of the scalp may be primary or meta- 
static and. before involvement of the contiguous calvarium has 
occurred, they may not be distingushed roentgenographically 
from benign tumors. Sooner or later secondary invasion of the 
contiguous bone occurs and the usual moth-eaten appearance 
of malignant lesions will be obvious in the roentgenogram. If 
the lesion is of low grade and complicated by infection bone 
reaction incident to the infection may mask the significant 
characteristics of malignancy. Malignant tumors secondary' to 
lesions of the calvarium will be discussed under tumors of the 
calvarium. 


Traumatic Tumors . — Hematomas of the scalp are fairly 
frequent and are revealed as a diffuse swelling of the soft tissue 
shadow at the point of injury'. They\ of course, may' or may' 
cot be associated with an underhung fracture of the skull. 
Lacerations of the scalp may' cause confusing shadows when 
one is searching tor skull fractures. Air within the deft of a 
laceration may imitate a fracture line and overlapping of the 
o i a laceration may* produce a shadow of increased dens- 
ity simulating the overlapping edges of a depressed fracture. 

Infiainniatory Tumors. — Inflammatory tumors of the 
-calp result from infections of the scalp, underlying calvarium, 
mastoid and frontal sinuses. Generally' speaking, the clinical 
t^ory will point to the diagnosis. The shadow of the soft 
P-ns is increased in thickness in the affected area and may' 
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thicker, shadows representing the epidermis, subcutaneous 
tissue, fascia and muscles may be identified. Shadows due to 
the hair may or may not be visible. When the normal appear- 
ance of the hair has been modified by 7 the presence of braids, 
dye. oil, other preparations or blood, shadows of varying 
density may result. Some of these, when superimposed on the 
shadow of the calvarium, may be mistaken for intracranial or 
osseous pathologic changes unless stereoscopic roentgenograms 
are available. 

Tumors of the scalp may* be grouped as congenital, devel- 
opmental, neoplastic, traumatic and inflammatory. 

Congenital and Developmental Lesions. — The most 
common congenital tumors of the scalp are vascular and may 
be grouped as nevi, hemangiomas, arteriovenous fistulas and 
sinus pericranii. Many 7 of these lesions are associated with 
underlying variations in the vascularity 7 of the calvarium which 
are readily 7 apparent roentgenologically 7 . In a certain variety 7 of 
hemangioma knowm as Sturge-Weber syndrome , the lesion is 
distributed in a more or less triangular manner in the parietal 
and occipital regions of the scalp. Large, tortuous vessels are 
also present over the brain in the corresponding region and 
within the brain cortex there occurs extensive calcification 
which has a characteristic appearance. The calvarium on the 
affected side is thicker and not as fully 7 expanded as on the un- 
affected side, indicating impaired development of the underlv- 
ing brain. 

Sinus pericranii is a congenital anomaly 7 in which one or 
more emissary 7 veins connect with the large intracranial blood 
sinuses through abnormal foramina in the skull. It is char- 
acterized by 7 a soft fluctuant swelling which increases in size 
when the patient is recumbent and may 7 be reduced by pressure. 
Roentgenographically 7 the lesion is associated with a rarefaction 
or perforation of the calvarium at the site of the soft tissue 
mass with widening of the contiguous diploe. Since the lesion 
is located most frequently 7 in the forehead, sagittal suture or 
occiput, it may' be confounded with a meningocele or enceph- 
alocele. The latter conditions, however, represent herniations 
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of intracranial structures which always occur in suture lines or 
at suture junctures. The bone defect at the point of perfora- 
tion is rounded and sharply demarcated and there is no in- 
creased vascularity, in contradistinction to sinus pericranii. 

Neoplastic Lesions. — With one or two exceptions the 
common benign tumors of the scalp have no distinguishing 
roentgenographic characteristics and are revealed only as dis- 
crete rounded enlargements of the shadow of the scalp. 
Scbcceous cysts occasionally may undergo partial calcification 
and li pomes* because their fatty structure is translucent to 
roentgen rays, may be identified by their rarefied appearance as 
it stands out in contrast to the surrounding soft parts. 

HcUgncnt tumors of the scalp may be primary or meta- 
static and. before involvement of the contiguous calvarium has 
occurred, they may not be distingushed roentgenographically 
from benign tumors . Sooner or Inter secondary invasion of the 
contiguous bone occurs and the usual moth-eaten appearance 
of malignant lesions will be obvious in the roentgenogram. If 
the lesion is of low grade and complicated by infection, bone 
reaction incident to the infection may mask the significant 
characteristics of malignancy. Malignant tumors secondary to 
lesions of the calvarium will be discussed under tumors of the 
calvarium. 

Traumatic Tumors. — Hematomas of the scalp are fairly 
Sequent ST1 d are revealed as a diffuse swelling of the soft tissue 
shadow at the point of injury. They, of course, may or may 
n ° l be associated with an underhung fracture of the skull. 
Accretions of the scalp may cause confusing shadows when 
one is searching for skull fractures. Air within the cleft of a 
sceradon may imitate a fracture line and overlapping of the 
of a laceration may produce a shadow of increased dens- 
^ simulating the overlapping edges of a depressed fracture. 

Inflammatory Tumors. — Inflammatory tumors of the 
-tnlp result from infections of the scalp, underhung calvarium, 
untold and frontal sinuses. Generally speaking, the clinical 

^ l0r ) nill point to the diagnosis. The shadow of the soft 
^rts is increased in thickness in the affected area and may 
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mask early involvement of underlying bone if the exposure to 
roentgen rays is not increased in proportion to the size of the 
soft tissue swelling. 

TUMORS OF THE CALVARIUM AND CONDITIONS THAT MAY 
SIMULATE THEM ROENTGENOLOGIC ALLY 

The soft tissues of the scalp are related so intimately to the 
underlying calvarium that irregularities in contour and tumors 
affecting the latter structure often produce changes in the scalp 
that may be difficult to differentiate from primary lesions of 
the scalp. Tumors of the calvarium and conditions that may 
simulate them roentgenologically may be classified as in the 
accompanying tabulation. 


TABULATION 

Tumors 01 the Caiaarium and Conditions That Mav Simulate Them 
Roentgen ologicalt y 


Congenital anomalies 
Encephalocele and meningocele 
Vascular anomalies 
Diploe 

Pacchionian depressions 
Sinus pencranu 
Emissary veins and foramina 
Parietal foramina 


Developmental variations 
Muscular attachments 
Bilateral s>mmctncal thinning 
Trontal sinuses 

Thickening of sutures and at junc- 
tures 


Punt ary tumors of the calvarium 

Osteomas 

External table 
Inner table 

Benign hyperostosis 
Epidermoid 
Hemangioma 
Sarcoma 

Fibrosarcoma 


Metastatic tumors 
Carcinoma 
Myeloma 
Neuroblastoma 
Endothelioma 
Hodgkin’s disease 

Secondary to intracranial disease 
Glioma 
Meningioma 
Hemangioma 
Epidermoid 

Inflammatory 

Osteomyelitis — primary or secondary 
Tuberculosis 
Syphilis 
Mucocele 

7 raumahe 
Osteoma formation 
Aseptic necrosis 

Systemic disease 
Leukemia 
Blood dyscrasias 
Parathyroid di c case 
Paget’s disease 
Xanthomatosis 
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Congenital Anomalies . — Encephalocele and meningocele 
are the most significant anomalies in this group. These hernia- 
tions through the skull always occur in sutures or at sutural 
junctures. The bony defect at the point of herniation is always 
round and the margins are defined sharply and increased 
slightly in density. When the herniation occurs at the fronto- 
nasal junction, the lesion must be distinguished from a muco- 
cele. The latter lesion occurs usually slightly to one side of the 
midline and produces an expansion of the affected frontal sinus 
with thinning of its walls. The presence of a normal fronto- 
nasal juncture will distinguish a mucocele from a meningocele. 

Vascular anomalies of the structure of the calvarium are 
exceedingly common and frequently are interpreted erroneously 
as evidence of a contiguous brain tumor or metastatic malig- 
nant lesion. Variations in the markings of the diploe are gen- 


erally more or less symmetrical. A marked unilateral increase 
m size and distribution of the channels of the diploe may be 
significant but at most is only suggestive evidence of an intra- 
cranial tumor. More or less sharply defined indentations of 
the inner table at the site of pacchionian bodies may vary con- 
siderably in size and depth. Large indentations, which exhibit 


Regularities resulting from the irregular surface of the con- 
tiguous pacchionian body, may be confounded with the changes 
°t bone associated with meningioma, epidermoid tumor or a 
small dural herniation of the brain. The vascular markings 
leading to a pacchionian depression may be increased in size, 
tte making its differentiation from significant lesions more 
' c^lt. The condition of sinus pericranii has been discussed 
. eac ^ * Enlarged emissary veins and their foramina are not 
themselves likely to be mistaken for a neoplasm but they 
^ ass ociated with vascular tumors of the scalp. 

Congenital parietal foramina which occur in the postero- 
‘-uptrick portion of the parietal bones are practically* always 
^THmeLiical. a fa ct which should point to their congenital 
rrav* 5 conc ^ on ^ familial and the size of the foramina 
leak 7^\ COr ^ iderab1 ^ 1x1 &aerent cases. Roentgenograph- 
* y the loramina are well denned on each side of the sadttal 
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suture. Even though they may reach a diameter of 3 cm. each, 
seldom are they seen to fuse across the midline as one large 
parasagittal defect. Their symmetrical nature may' suggest 
bilateral trephine openings. 

Developmental Changes. — Variations in the development 
of the cranial bones and sutures may give rise to unusual or 
asymmetrical contours of the skull. Premature union of vari- 
ous sutures gives rise to such conditions as oxycephaly, scapho- 
cephaly, and so forth. When these conditions are severe, they 
may be complicated by an associated cerebral hernia. Lack of 
development of one cranial bone gives rise to an irregularity 
at its sutural junction with its neighbor. Sometimes this is 


referred to as dysostosis cranii. 

A developmental symmetrical thinness of the parietal bones 
in their superolateral portion occurs in about 0.4 per cent of 
skulls. It is essentially 1 a developmental absence of the diploe 
in the affected region and tends to be familial. It is visualized 
best in anteroposterior roentgenograms of the head. In the 
lateral projection the thin areas are revealed as zones of rare- 
faction. The transition from the thin area to the part of nor- 
mal thickness is palpated readily on the outside of the skull m 
each parietal region. A few instances of unilateral in\ohement 
have been observed. In one such case the unilateral thinning 
was thought to be evidence of erosion from an underhung brain 
tumor. This mistake should not be made, however, because 
pressure erosion from a brain tumor involves the inner tab e, 
while developmental thinness results in a flattening of the ex- 


ternal table and loss of underlying diploic structure. 

Irregularities in the ossification or variations in the thick- 
ness of cranial sutures may be reflected in variations of t e 
radiopaque densitv of the involved suture. They are o no 
pathologic significance as a rule. Similarly an increase in 
density of bone along sutures, most notably the and 

lambdoidal, in persons past middle age is of no significance. 
Variations in the size of the occipital protuberance are commo 
Ld should not be mistaken for osteomas. Slight bony prolifer- 
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ation along the nuchal line in heavy muscular persons is fairly 
common and should not be interpreted as disease of bone. 
Primary Tumors of the Calvarium, — Osteomas ,; — By 
far the most common tumors involving the calvarium are oste- 
omas. They occur singly or multiply and may involve the 
external or internal tables or both. Generally speaking, two 
varieties, a spongy type and a dense ivory-like type, may occur. 
An uncommon form is the diffuse dense osleomatous thicken- 
ing of the Jrontal bone and occasionally of contiguous bones 
known as Icontiasis ossca . 

Except from the standpoint of cosmetic appearance, pure 
osteomas arising from the external tabic are of no pathologic 
significance. They may van' in shape from a small, discrete, 
bulbous projection arising from a narrow base to a broad flat 
mass which arises from a wide base. They produce a cor- 
responding bulging of the scalp tissues. Roentgenographically 
an attempt should be made to project them in profile in order 
to make sure that both tables of the skull are not involved. 
Small osteomas of the external table frequently are confounded 
^ith discrete tumors of the scalp until a roentgenograplric 
examination is made. Care must be taken lest the shadow' of 
^ wen or other superficial tumor, projected on the calvarium, 
he interpreted as an ivory-like osteoma. If a profile projection 

01 tumor is always made, this mistake should not be pos- 
sible. F 


, Q-teomas involving the inner tabic of the skull may be 
-ingle or multiple. They usually are of the sclerotic variety 
sndniav be broad and flat, or discrete, rounded or pointed pro- 
jection j, the base of which blends with the internal table. 
^ m gle osteomas may arise from any point of the internal table 
ut are most common contiguous to sutural junctions and along 
j e ^ arasa gittal region. Because the calvarium frequently is 
, . ' secondarily by a contiguous underhung meningioma 
( j. l . C P ro ^uces an osteomatous thickening of the inner table, 
should ex ^ erna l fable, all osteomas of the internal table 
om U f ^°°ked on suspicion and a contiguous meningi- 
a esc uded. Small ledges of bone forming the borders of 
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arterial grooves, particularly at points of arterial branchings, 
should not be mistaken for true osteomas. A common form of 
multiple osteoma has been described variously as benign frontal 
hyperostosis or hyperostosis cranii. This condition consists of 
multiple, variously sized, stalactite-like osteomas projecting 
from each side of the midline of the frontal bone. The condi- 
tion varies greatfy in extent and involve even the parietal 
bones. The exact cause of this condition is not known. Many 
patients who have benign frontal hyperostosis complain of 
persistent headache. The bilateral symmetrical appearance of 
benign frontal hyperostosis should distinguish it from osteo- 
matous formation secondary to meningiomas, which usually is 
unilaterally distributed. 

Epidermoid Tumor and Hemangioma. — Other fairly com- 
mon benign tumors of the skull are the epidermoid tumor and 
hemangioma. The epidermoid tumor results from an inclusion 
of ectodermal cells, usually within the diploic structure. The 
slow growth of the epidermoid tissue results in a rounded area 
of rarefaction with expansion of the diploe. The margins of 
the lesion are sharply defined and increased in density. Occa- 
sionally when the tumor is large, it may break through the 
external table, producing a corresponding soft tissue mass be- 
neath the scalp. Likewise, an epidermoid may erode through 
the inner table of the skull and press against and displace the 
contiguous surfaces of the dura and brain. Fairty frequently, 
epidermoid tumors contain plaque-like areas of calcification 
similar to the calcification observed in tumors of Rathke’s 
pouch. Hemangiomas of the skull exhibit the same roentgeno- 
logic manifestations as hemangiomas involving the skeletal sys- 
tem elsewhere. The\ r are characterized by a honeycomb 
architecture of the involved bone with widening of the intra- 
trabecular spaces and widening and increase in density of the 
trabeculae throughout the lesion. 

Sarcoma. — Primary osteogenic sarcoma of the calvarium is 
rare but. when it does occur, it exhibits the same roentgenologic 
manifestations as the disease in other portions of the skeleton. 
The calvarium at the location of the tumor is infiltrated an 
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destroyed in the characteristic manner of malignant lesions and 
the scalp is invaded secondarily, with the production of a soft 
tissue tumor. Fibrosarcoma involving the calvarium is more 
frequent than the primary osteogenic variety. This lesion pro- 
duces a localized area of infiltrated destruction of varying size 
and frequently imitates metastatic malignant lesions and occa- 
sionally secondary involvement of the calvarium due to menin- 
gioma. 

Metastatic Tumors. — Metastatic carcinoma involving the 
skull exhibits the destructive changes common to this lesion in 
other portions of the skeleton. Metastatic carcinoma of the 
calvarium is imitated closely by multiple myeloma and it is 
frequently impossible to differentiate the two on the basis of 
the roentgenologic findings. Carcinoma of the thyroid fairly 
frequently provokes varying degrees of proliferation of the 
external table which results in coarse, lace-like projections in 
a ^responding soft tissue mass of the scalp. These lesions in 
die calvarium are often solitary. Metastatic neuroblastoma 
usually exhibits an involvement of the calvarium which is irreg- 
ularly rarefied and increased in density. Proliferative changes 
throughout the external table, with the production of parallel 
radiating lines of newly formed bone, are a characteristic mani- 
KAation of this lesion. Multiple metastatic nodules within the 
scalp are usually also present. The presence of a tumor in the 
adrenal area and generalized involvement of the skeleton by 
changes similar to those in the calvarium point to the diagnosis, 
-lalignant destruction of the skull may result from direct ex- 
tendon of an endothelioma of the scalp or by lymphatic 
^tension from a malignant lesion within the nasal accessory 
unuses or soft tissues of the face. The presence of the primary 
uion should serve to identifv the nature of the secondary 
™ hi the calvarium. 


ramal Changes Secondary to Intracranial Disease. — 
ta ^ e $ kull may be involved by local pressure 
<tf°a ° n J r ° m an ex P an ding intracranial tumor as in the case 

second l ° ma ’ ° r overi -hng calvarium may be infiltrated 
u ari \ as in the case of a contiguous meningioma. In the 
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presence of clinical signs of an intracranial lesion, localized 
thinning of the internal table of the skull may be of great diag- 
nostic importance in determining the site of the brain lesion. 
About 50 per cent of meningiomas are associated with osteo- 
matous involvement of the contiguous calvarium. The menin- 
gioma cells penetrate the haversian canals of the calvarium and 
produce varying degrees of bone reaction and osteomatous 
formation. Meningioma involving the vault usually gives rise 
to a spongy type of osteoma which varies in size from a local- 
ized area 1 cm. in diameter to large osteomatous masses. Con- 
siderable increased vascularity is usually evident throughout 
the area of involved bone. Osteomas secondary to a menin- 
gioma contiguous to the floor of the skull are more prone to 
be small and sclerotic. Frequently they do not exceed 0.5 cm. 
in diameter. They occur especialty about the tuberculum 
sellae or olfactory groove. Meningiomas arising along the 
sphenoidal ridge frequently produce a diffuse sclerotic thick- 
ening of the lesser wing of the sphenoid and anterior clinoid 
process. 

Large vascular lesions involving the meninges and cortex of 
the brain frequently are associated with secondary dilated vas- 
cular channels in the overlying calvarium and, when there is 
an accompanying vascular lesion of the scalp, the calvarium 
may be perforated by dilated vessels. In the presence of uni- 
lateral atrophy of the brain the corresponding half of the 
calvarium is underdeveloped and increased in thickness. This 
results in an asymmetrical appearance of the calvarium which 
is very" obvious in films made in the anteroposterior or postero- 
anterior view. In the presence of meningocele or cnccphalo- 
cclc , roentgenograms will reveal a sharpty defined, rounded 
defect in the calvarium which always occurs at a sutural junc- 
tion or within a suture. It most frequently^ involves the pos- 
terior portion of the skull and the associated soft tissue mass is 
readily apparent. 

Inflammatory Lesions of the Calvarium. — Primary 
osteomyelitis of the calvarium is usually the result of ante- 
cedent trauma in which the skull is exposed or penetrated. A 
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more common form of osteomyelitis is that arising secondarily 
to a lesion elsewhere, particularly in the frontal sinus or 
mastoid. It occasionally may follow an infected craniotomy 
wound. Infection of the calvarium due to tuberculosis* typhoid 
idtr or syphilis may occur but is not common and syphilitic 


osteomyelitis is observed much less frequently than it was 
formerly. A mucocdc arising in the frontal sinus which pro- 
duces an expansion of the frontal sinus and pressure erosion of 
tie contiguous portion of the frontal bone should be distin- 
guished from primary lesions within the frontal bone, particu- 
lar]} epidermoid tumors and meningoceles pressing through the 


frontonasal junction. The presence of inflammatory disease in 
the frontal sinus and the presence of the expanded frontal sinus 
P 01nt t0 the diagnosis of mucocele. 

Traumatic Lesions. — The various types of fracture of the 
Aid] will not be discussed in this paper. The importance of 
parching for a fracture in the presence of a hematoma of the 
has been mentioned in an earlier part of this paper. 
ostcom atous thickening of the external table may result 
uun previous localized trauma to the calvarium. Because of 
eman\ wiations in the external contour of the skull which 
m . normaIJ y> the diagnosis of an osteoma as a result of 
nous trauma should be made with reservation unless there 
ev ^ ence that the osteoma was not present 
trau C Un f C ° f the ^ rare form °f sequela from localized 

irceinT ° Ca ^ Var * llm * s asc Pt* c necrosis . This results in an 
point T* ?* refiec * 5 more or less cystic type of lesion at the 
w anc ^ ma Y be very difficult to differentiate from a 

zed infection of the calvarium. 

ease,— nth ° f ^ Galvarium Secondary to Systemic Dis- 
is } uvo i t ^ ian me tastatic malignant lesions, the calvarium 
( jy; cras j' 6 . rcquent, - v * n suc h conditions as leukemia, blood 
and v, A ° childhood > hyperparathyroidism, Paget’s disease 
hukemin T lt0 T In the blooci dyscrasia of childhood and in 
°steo PQ to s is Aa Vari T exhibits a diffuse > ""regular type of 
"here in th J , Simdar chan ges can be demonstrated else- 
6 S e eton * the presence of erythroblastic ane- 
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mia and sickle cell anemia, sunburst-like proliferative changes 
are produced in the external table and the diffuse involvement 
of the external table of the entire calvarium serves to dis- 
tinguish the condition from the focal proliferative changes that 
ma y result when the calvarium is involved secondarily by a 
meningioma. 

Hyperparathyroidism results in a diffuse granular decalcifi- 
cation of the entire calvarium, with a loss of sharpness of detail 
of the bone trabeculae and contour of the inner and external 
tables. In advanced cases, small cystic areas may also be 
observed. 

The calvarium is involved commonly in Paget’s disease of 
done (osteitis deformans). This condition is characterized by 
the combination of a rarefied and condensed osteitis. The 
diploe of the calvarium is widened and replaced by fibrous 
tissue within which may be observed multiple nodules of scle- 
rotic bone. The skull is increased considerably in thickness 
and as a result of the softening of the calvarium an invagina- 
tion of the base of the skull may result. A less common mani- 
festation of Paget’s disease of the calvarium is osteitis 
circumscripta which now is regarded as an early manifestation 
of the common form of Paget’s disease. In the osteitis circum- 
scripta variety of Paget’s disease the involved area of the cal- 
varium is decreased in density. The margins of the lesion are 
demarcated fairly well and there is a generalized loss of cal- 
cium in the affected area. Later the usual roentgenographic 
signs of osteitis deformans will develop in the lesion. Gener- 
ally when the osteitis circumscripta type of Paget’s disease is 
observed in the skull, the characteristic roentgenographic signs 
of Paget’s disease can be demonstrated in other portions of the 
skeletal system, particularly the tibia and pelvis. 

The Schiillcr -Christian syndrome of xanthomatosis is ob- 
served most commonly in children and the characteristic 
changes in the skull consist of multiple plaque-like areas of 
rarefaction with sharply defined borders. These may or may 
not be associated with contiguous tumors within the scalp. 
Exophthalmos and diabetes insipidus may or may not be pres- 



IUMOFS OF 7HL SCALP AND SKULL 


1115 


eat. Roentgenographic study of the remainder of the skeletal 
system will reveal similar lesions. The lesions are radiosensi- 
tive and. after adequate roentgen or radium therapy, these 
zones of destruction will be replaced by bone of normal appear- 
ance. Because of the excellent results afforded by radiation 
therapy it is important to differentiate this condition from 
metastatic malignant lesions and in cases of doubt a biopsy of 
one of the tumor nodules is justifiable. 
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Lntil scarceh more than two decades ago diagnosticians 
tsnya^ing the grave lesions of the stomach that might be 
P-cent in a given case gave first consideration to gastric ulcer. 
ms can be accounted for perhaps by the fact thatTat that time 
~ anatomic and pathologic lines separating benign gastric 
t Cci trom ulcerous carcinoma and from duodenal ulcer were 
-wn less often and less sharply than they now are, and thus 
-oil r- l re ? eh ed Unwarranted emphasis in the practice 
erature °f medicine. It is now well known that the in- 
■>nd^ e i! f a ' tiac u ^ cer h ! " ar below that of ulcerous carcinoma 
d , n -™ Ch lartber be,ow ^at of duodenal ulcer, but impressions 
icnn~ , 1 j° ni past sdd make it difficult sometimes for din- 
ulcer' n-L r °“ t | enolo § isL;; to approach the diagnosis of gastric 
6 de?ree of caution appropriate for the relative 
? mlh Which this lesion occurs. 

b 0 ? terior°w^n '~' rhe favorite sca/ of gastric ulcers is on the 
curvature f metimes immediately on. the lesser 

they ^ ^ 0t angular incisure - But often 

W o,- IP1r ? 0I ! 1116 posterior wall distant from the curva- 
thc anterior ^, Py ° ruS - and exceptionally they may occur on 
sre seldom .° r P reater curva ture or elsewhere, but they 
cpcninj. L . eVe , r; l0Und abov f the plane of the esophageal 
two or = n)o r e ~.f, uJcers are sin § le : hot rarely there may be 
roentc-ennlr. • r !f peCt to their nw rbid anatomy as dis- 
poups; f *’ - §aStriC Ulcers may be classed hi two 

tetTic vraH to vanT^T^u UlCer5 ^ have excavated the 
harrowed throui S P cr f or ^d ulcers that have 

te stomach thu- nr *** mt ° 0rgariS or dssues outsid e 
teteg ukm var^- P °^ Cms 30 ^agastric pocket. Pene- 
' m diameter from 1 or 2 mm. to 2 cm. or 




UfS::zI Cl:r:;a of Serin America 
]C\\ Mayo Cltise Stmber 


ROENTGENOLOGIC DIAGNOSIS OF GASTRIC ULCER 
B. R. Kjrklix 


Intfl scarcely more than two decades ago diagnosticians 
canvasiing the grave lesions of the stomach that might be 
P-tsent m a given case gave first consideration to gastric ulcer, 
ms can be accounted for perhaps by the fact that at that time 
tee anatomic and pathologic lines separating benign gastric 
mcer iron ulcerous carcinoma and from duodenal ulcer were 
cSj often and less sharply than they now are. and thus 
ST re 5 dved ^warranted emphasis in the practice 
tirU- !er£ ; Ure °! rne & c ' me - It is now well known that the in- 
„j,^ c 1 p* 370 u1 ' cer 15 I£r below that of ulcerous carcinoma 
7' • .^ Cn J ara ; er t* 12 * of duodenal ulcer, but impressions 
pSSt make il occult sometimes for din- 
ulce- to approach the diagnosis of gastric 

minimi ? 65165 01 csutioa appropriate for the relative 
**** ^ ^on occurs. 

posterio- K^n'—lf e S€Cf 01 gastric ulcers is on the 

cuna-ure immediately on. the lesser 

1 Sic \ZdHl " ~ 


u - c _' cFc 


01 1 

:e d on the ooste 


e angular indsure. But often 
or wan tils ran: from the curva- 


^satiSf £=d optionally they may occur on 

are seldom if ?ll , cc ' ' 07 elsewnere. but tney 

°?Jains. aI-II. 1*~~ C ££3 ° re — plane of the esophageal 
two olmole h:xz r£re h' there may be 

tsrtcG rcl •'l- 1 13 1 "Z -5 " - ' ‘■°. ti 7 r rzor ' D ' : - cr.domy as dis- 
?t0'O5; ^ c — - 1^" 7' r ^ ^ CiHSScG. in tvTQ 

SaiUicTm” ti-cers mat have excavated the 
tas. ana t-zrforci-cd ulcers that have 

^ pc eke: 

■" ru=r ~ rcz: ^ G * ’ to 2 err. or 


&-nrowed hrr-m'-v: _ 
r.cmar-v 

r' — . 




Per c- 



ms 


B. R. KIR KLIN 


more. Perforated ulcers may become sealed off at the serosa 
and. are then indistinguishable roentgenologically from pene- 
trating ulcers. Accessory pockets resulting from perforation 
are extremely rare. Most often the pocket is in the liver, but 
it may be in the pancreas, spleen or abdominal wall. Pockets 
vary in size, but their greatest diameter seldom exceeds 3 or 
4 cm. 



Fig. 129. — Niche of benicn ulcer oo lesser curvature just above the ancle. 

Considerable antral spasm. 

Roentgenologic Signs of Ulcer. — The basic and indis- 
pensable roentgenologic sign of ulcer is the barium filled crater 
of the ulcer, the niche , or its exaggerated form, the accessory 
pocket. When the internal surface of the stomach is thinly 
coated with barium, the niche appears in the face view as a 
dense spot amid the mucosal relief. Even ulcers that are mere 
shallow erosions are likely to be visible as persisting flecks on 
the mucosa] pattern. After the stomach is filled with the sus- 
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, . . - _ n^nf-iratin" ulcer, if favorably 

pa *aoitaitaD.U. e mch=« ^ ^ on ,he ps* 

situated, can be seen a* - buQ - P - the lumen, or 

sJLouette. projecting beyond the non. - distant from 

ii Use ulcer is on the posterior ”.f et ‘° oi 

either curvature (Figs. 129. loO. lc. an -■ ' , l0 ( hin 

the niche my be obtained by compressing ibe sto • 
out te opaque content. As a rule, the mucosa ™ ° 

tenign deer Ls rather evenly rounded, and the base o. 



H;. 130, — Xiche of benign ulcer on lesser curvature abo\ e anJe, 
marked prep)’loric spasm with hypertrophy of the p> one mu~c 

crater is smoothly hemispherical. Usually, also, the accessory 
Pocket oi a perforated ulcer is rather regularly ovoid or sp ter 
leal, and when ovoid it is likely to be pendulous. Often the 
suspension exhibits an upper fluid level with an air bubble 
uhove, and barium may remain in the pocket after the stomach 
h empty. 

Secondary manifest at tons that commonly accompany gas- 
hic ulcer stimulate the examiner to search for their cause and 
ute of considerable value in differential diagnosis. Often the 
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rugae in the field about the ulcer are accentuated and converge 
toward the crater. Usually the ulcer is tender to pressure over 
the niche. Almost invariably the stomach is of hook form, and 
often the pyloric end is curled toward the median line (Fig. 
132). In most cases peristalsis is fairly active and sometimes 



Fig. 131. — Niche of benign ulcer rather high on lesser curvature with spastic 


hour-glass deformity. 

disorderly as a result of the increased irritability of the stom- 
ach. Gastrospasm in its varied forms is a striking and common 
accompaniment of ulcer. One form, a deep and narrow inden- 
tation of the greater curvature in the plane of the ulcer (Fig. 
131), was at one time regarded as a good index, but it occurs 
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tral\- rarely and is not always significant of ulcer. A much 
more common variety of gastrospasm. regardless of the situa- 
tion of the ulcer, is manifested by narrowing of the antrum 
and blurring of the antral shadow (Figs. 129 and 130). Often 
the pylorus also is spastic: it opens less freely and less fre- 
quently than under normal conditions, and evacuation of the 
stomach is retarded (Fig. 152). 




^spasm. Spafuc^conb^ln ,CCr . n l che on lesser curvature with marked gas- 

-' on *ch. Obstruction due to p> dL;spL CUrVatUre Pr ° dUd " ? ^ f0rm ° f 

esaminwTm OLi dia f nosis of ulcer lhc first task of rite 
exclude simulant / m . ^ le presence of a niche or pocket and 

13 instant as to ° The shadow of a niche or pocket 

same site Th k'T aiU ^ OTm and persists or recurs at tire 
P er htaltic w avPC “ U gC ,°, n Ae lesser cuv vatuve between two 
Progresses witl, , resembles a niclie onl Y momentarily for it 
5rn all b 0wel ne l' VJU ’ eS ' f sma11 mass of barium in the 

Position chants when T i ”? V . a niche « but ^ 

° the an 8 le o{ view is altered or the stom- 
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ach is manipulated. Secondary signs without a niche never 
warrant a diagnosis of ulcer, for they may result from other 
diseases or functional disorders. 

Differentiation from Malignant Disease.— When it is 
clear that an ulcerous lesion is present, the differential diag- 
nosis of benign ulcer from ulcerating carcinoma and malignant 
ulcer becomes highly important. A small, deeply ulcerated 
carcinoma has some resemblance to a benign ulcer, but the 



Fiff. 133- — Large malignant ulcer on lesser curvature at the angle of the st 


former is characterized by demonstrable elevation of the bor- 
der around the ulcerous excavation, the latter of w 1C 1S " 
the gastric lumen, and by absence of the secondary signs 
accompany benign ulcer. (See section on Gastnc Canceb) 
Distinction of benign from malignant ulcers m vhi 
^enTof tumefaction is not apparent frequently occas.on Jf- 
ficulty. In general, benign ulcer is characterized by regul 
of die base a"„d mucosal margin of the crater -cen « “ ^ 
convergence of rugae adjacent to the ulcer, tende - 
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u' crnr ser.ts. In contrast, malignant ulcer 
by irregularity of the crater (Fig. lee ) . 
:: rugae, lack of tenderness to pressure 
vspasra. Ulcers with craters having a 
.5 era. usually, but not invariably, prove 
. !c~i . Perforated ulcers with accessory 
ralicaant. Most ulcers on the greater 
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ically to be benign prove nevertheless to be malignant, and both 
clinician and surgeon should understand thoroughly that a 
roentgenologic diagnosis of gastric ulcer, implying that the 
lesion appears to be benign, is never to be construed as an 
assertion that malignancy can confidently be excluded. 

The effect of medical management on ulcers as indicated by 
subsequent roentgenologic examination is a valuable test of 


Fig. 135. — Benign prepyloric ulcer with marked spasm. 

their character, for diminution or disappearance of the crater 
is strong evidence that the ulcer is benign. However, the test 
cannot be relied on implicitly, for occasionally the crater of a 
malignant ulcer fills with granulations or detritus and thus is 
obliterated. Hence, every patient who has apparently benign 
ulcer should be kept under observation until the nature of the 
lesion is established beyond reasonable doubt. 
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ROENTGENOLOGIC DIAGNOSIS OF GASTRIC CANCER 
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^ith current technics, which commonly include roentgeno- 
scopic study of the stomach and careful inspection of its 
Eternal relief as revealed bv a thin coating of barium, prac- 
tically all gastric cancers that could be seen macroscop ically 
can be disclosed bv roentgenologic examination. This is not to 
*ay. however, that all cancers of the stomach can be diagnosed 
as such, for the degree of accuracy with which their malignant 
character can be determined depends to a considerable extent 
on their size, morphology, histologic variety and situation. 

Pathology . — Cellular proliferation with resulting tumeiac - 
iwn b a primary characteristic of cancer, and a majority of the 
lesions are frank tumors. But cancer is also characterized by 
ulceration, and this factor is scarcely less common than tunie- 
tection. Consequently most cancers are ulcerating tumors. 
Occasionally ulceration is so dominant that the element of 
tumefaction cannot be discerned even on close scrutiny of the 
excised specimen, and morphologically the lesion must be 
classed as an ulcer. Thus cancers range, with many inter- 
mediate gradations, from tumors to ulcers. 

Histologic variations affect the factors of tumefaction and 
ulceration. Soft mucoid . or medullary , cancers are markedlv 
tumetactive. but they also tend to ulcerate deeply. Scirrhous 
cancer infiltrates and thickens the gastric wall, but usuallv 
tumefaction is not striking, and ulceration is likelv to be shal- 
low though extensive. The size and situation of the lesion, 
whatever its morphology or histologic character mav be. affects 
the emphasis with which its signs are manifested and the readi- 
ness with which it can be disclosed and identified. 

IKS 



1126 


B. K. KIR KLIN 


JRoentgenologic Signs of Gastric Cancer. — Advanced 
Cancer . — Advanced mucoid cancer usually produces a roent- 
genologic syndrome that is pathognomonic. In most cases it 
appears as a gross mass projecting from a wide base far into 
the gastric lumen. As a rule, the tumor is pitted with multiple 



ulceration 


ulcerous excavations that are visible as pseudoniches or Jrregu- 
larities of the tumor’s internal margin. Occasionally the turn 
S destroyed by ulceration. The involved port™ ' »Hhc 
gastric wall is sharply demarcated from *e umnvoh P 
(Fig. 136). In most cases the form and size of 
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are not notably altered and its capacity is lessened only to the 
extent that the mass intrudes into the lumen. 

Advanced scirrhous cancer also gives rise to a character- 
istic picture. With its tendency to originate in the pyloric seg- 
ment and to encircle the stomach, the viscus often assumes the 
shape of a funnel. One variety of scirrhous cancer, sometimes 
included under the designation “fibromatosis ; Tr may convert the 



ft?* 137. — Extensive scirrhous carcinoma involving upper two-thirds of 

stomach. 


entire stomach into a slender tube. Diminution of gastric 
capacity is a common feature of scirrhous carcinoma, and this 
results not so much from intrusion of the tumor, as from shrink- 
ing. shortening and loss of elasticity of the affected segment 
(?ig. 137 i. Ulceration is constant and occasionally deep but 
most often shallow, and usually the surface of the" growth is 
relatively smooth. Consequently the internal relief often has 
a granular appearance somewhat like that of ground <das* ~ 
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Physical Signs and Secondary Manifestations.— Common to 
both varieties and to gastric cancer in general are certain phys- 
ical signs and secondary" manifestations. When the lesion is a 
frank tumor and is situated in the distal half of the stomach, 
v hick is accessible to palpation, the mass can be felt unless it 
is exceedingly small, and palpability of an intragastric tumor 
is strongly suggestive of malignancy. By extension of cancer 
to extragastric structures, or by the production of adhesions, 
the stomach may become fixed or less than normallv mobile. 
Gastric rugae in the cancerous area are either smoothed out 
and effaced by the underhung tumefaction or destroyed by 
ulceration. As a rule peristalsis is absent from the region 
affected and is subdued in uninvolved portions of the stomach, 
although cancer obstructing the outlet may give rise to hyper- 
peristalsis or antiperistalsis. Gastric motility is notably altered 
in most cases and almost without exception in those that are 
advanced. Unless obstructed, the pylorus commonly opens 
freely, the suspension of barium flows through it almost con- 
tinuously, and the stomach empties quickly. However, ob- 
struction occurs in about half of all cases and is evidenced bv 
scant evacuation of the medium during examination and some- 
times by obvious dilatation of the stomach. 

In the presence of any of the foregoing manifestations the 
first task of the examiner is to determine that they are really 
due to gastric disease, for shadow defects and deformities, 
which are of fundamental diagnostic importance, may have 
many other causes, such as food or foreign bodies in the stom- 
ach, pressure by the spine, gastrospasm, retraction of the 
abdominal wall, and various extrinsic conditions, including 
ascites, advanced pregnancy, and abdominal tumors. These 
simulants and their characteristics are well known, and unless 
the examiner is familiar with them he should not attempt the 
examination. It may be said, however, that deformity pro- 
duced by cancer is persistent as to site and configuration, with- 
stands manipulation and remains unchanged at subsequent 
examinations. Distortion caused by simulants has none o 
these qualities. 
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Differential Diagnosis of Advanced Canccr.-Wm the 
~ { a ] e ^ on is definitely established, advanced cance 

Stem, bezoar. benign neoplasm or gastnc sypbfc. Berm. 



Fir 15 S — IcorctTEted cnstric bertib. through esophncesl hiatus vdth trau- 
matic ulceration. 


of a large portion oi the stomach through the diaphragm dis- 
torts the viscus markedly and is sometimes mistaken tor 
cancer, but the error is scarcely excusable for. in the case of 
hernia, part oi the stomach is above the diaphragm and usually 
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this feature is plainly evident (Figs. 138 and 139). A large 
bezoar composed of hair, persimmon seeds or other material 
may be confounded with cancer because the mass is palpable, 
but the luminal contour is preserved and the shadow of the 




srs; 
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that caused by cancer (Fig. 143). but the adenomas are ar- 
ranged in orderly roves like convolutions of the brain, and the 
picture is pathognomonic. Gastric syphilis closely imitates 
cancer (Fig. 143). especially the scirrhous variety, but it 
seldom produces a definitely palpable tumor and is so rare 
that, unless clinical evidence of the disease is strongly positive. 



diagnostic preference should be given to cancer n„*i v , 

« oi ~ * 

riettce is limited. roentgenologic espe 

Cancer of the Cardiac Portion nf c , 

advanced or early, cancer at SfrLL ^c/r.-Whethe 

a shadow in the normallv tran- a- ' manueste d variously b\ 
nomtallt transradiant gas bubble (Fig. 144) 
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irregularity of the normally rounded and symmetrical dome 
and alteration of its internal relief. All these signs are best 
elicited with the patient standing, for they are likely to be 
effaced in the Trendelenburg posture formerly employed. By 
pressure on the lower portion of the filled stomach, the mucosa 
of the cardia can be coated with barium and thus inspected 



Fig. 141. Phytobezoar of which roentgenologic appearance is shonn in Fib NO 

more advantageously. Marginal irregularity due to cancer 
occurs more often on the internal border of the dome. Rare > 
enlarged lymph nodes produce irregularity of this part of 
SSf oSonally, also, the apex of .he hear, casts ; a , v.s U 
shadow In the gas bubble, but .he regular °» ,.bn» an P • 

Of the shadow indicate its cause. As a rule, an) 
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mentioned is fairly diagnostic of cancer, for other lesions of the 
cardia are extremely rare. 

Early Cancer.— Some of the small and presumably early 
cancers, comprising infiltration and tumors without marked 
ulceration, deeply ulcerated tumors and malignant ulcers with- 
out apparent tumefaction, are hard to identify, even when 
situated in parts of the stomach that are easy to inspect, and 



Fi^. 1-12.— Polyposis of loner portion of stomach. 

all of them are difficult to recognize when thev are seated at or 
near the pylorus. 

Relatively small mucoid cancers that are frank tumors 
wi out o \ious ulceration are met with occasionallv The 
tumors have smooth, regular contours and. as thev are often 
pedunculated, are likely to be mistaken for beni<m new 
growths, because, as a rule., intragastric tumors with <= uc h 
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the stomach may be {utile for often on microscopic examina- 
tion cancer cells indicative of malignant change are found in 
gastric tumors that are made up chiefly of benign tissues, and 
polypoid tumors of the alimentary canal seem to be highly sus- 
ceptible to such a change. 

Early, or even moderately advanced, scirrhous cancer, is 
not readily discernible, for tire limited infiltration seldom pro- 
duces obvious marginal deformity. The mass is not likely to 



be definitely palpable, although it may tend to slip a wav unde, 
palpatory pressure, and usually, but not invariably, peristalsh 
is absent from the affected region. More conclusive than the*! 
signs is the granular internal relief of the involved region 

wind lias the appearance of ground glass and is suggestive oi 
scirrhous cancer. 0 

Snrail, deeply ulcerated cancers in which a tumefied rin 
persists can be recognized with a high degree of accuracy, eve, 
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when the tumefaction is so slight that the excised lesion cannot 
be distinguished macroscopically from simple ulcer When the 
lesion is on the posterior wall, the elevated, sometimes over- 
hanging, border appears under pressure as a transradiant halo 
about the dense, barium filled crater. When the cancer is on 

t 



the lesser curvature it is often possible by pressure to separate 
a. shadow of the crater from that of 

the crater, as seen edgemee. may hate [ica || v all in- 
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consolcuouslv absent. These features in conjunction with the 
meniscus make up a sign complex that is pathognomonic ^gs. 

1 - 15 , 146 and 147). , 

HcU&cnt fleers .— Malignant ulcers are cancers that 

morphologically are merely ulcers without macroscopic or 
roentgenologic evidence of tumefaction, linen the niche ot 
any itric ulcer is unduly large and has a diameter exceeding 
:i cm. it will prove usually, though not always, to be maltg- 



Fir 1-7 — Resccied specirrra oi ukerctSnj crruir.c'rria $>.ct\vn in Hr 5 , 

1-5 nnd 1^5. 

n:- m. In many instances the niche is not excessively large, and 
other indications of malignancy have to be sought for. such as 
irregularity of the margin or base of the crater, eftacement of 
adjoining rugae, and absence of gastrospasm or localized ten- 
derness. A small percentage of ulcers that exhibit no roent- 
genologic marks oi malignancy prove nevertheless on 
microscopic examination to be cancerous. (.See Roentgenologic 
Diagnosis of Gastric Ulcer, elsewhere in this volume.) 

Sv:cU Centers el or near the Fyhrits . — lYhatever their 
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when the tumefaction is so slight that the excised lesion cannot 
be distinguished macroscopically from simple ulcer. When the 
lesion is on the posterior wall, the elevated, sometimes over- 
hanging, border appears under pressure as a transradiant halo 
about the dense, barium filled crater. When the cancer is on 
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Fig 146 —Drawing of roentgeno^copic appearance of meniscus complex 

the lesser curvature it is often possible by pressure to separate 
the shadow of the crater from that of the filled stomach and 
the crater, as seen edgewise, may have the form of a biconcave 
or concavo-convex lens, or meniscus. In practically all in- 
stances the crater is not tender to pressure and gastrospasm is 




Fig. 149.— Specimen from ease represent! 
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morphology, these are hard to identify specifically. All 
varieties of cancer in this situation produce antral narrowing 
and apparent elongation of the pyloric canal, but similar mani- 
festations may be caused by duodenal ulcer, hypertrophy of 
the prepyloric rugae, gastric syphilis, hypertrophy of the pyloric 
muscle, or benign gastric ulcer with spasm (Figs. 148 and 
149). Occasionally both in cases of duodenal ulcer and of 
juxtapyloric cancer the bulbar base and pyloric ring are not 



Fig. 148 . — Prepyloric deformity with obstruction resulting from chronic gnslrit 
and healed duodenal ulcer 


clearly demonstrable and, as the examiner is unable to deter- 
mine whether the narrowing of the canal is prepyloric or post- 
pyloric, he may confound either disease with the other. 
Hypertrophic antral rugae usually are recognizable by their 
orderly arrangement. Gastric syphilis is so rare that it can 
be discarded from consideration unless clinical and laboratory 
data point strongly to that disease. Hypertrophy of the py one- 
muscle commonly produces definite invagination of t b lb 
base and is marked also by a crevice near the middle 
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expert surgeons can perform extensive resections or even total 
casirectomv it thev deem it advisable. Total gastrectomy is 
facilitated when the subdiaphragmatic portion of the esophagus 
is unusually long, but such elongation is rare. Any operation 
on the stomach can be performed more easily when the epi- 
gastric angle — the angle between the right and left costal 
arches — is wide, and the converse is true if the angle is acute. 
Fixation of the growth by adhesions or extension to structures 
outside the stomach may hamper or even prevent resection. 

Detection of Met-astases. — Metastasis makes resection 
futile, and it is the most common obstacle to surgical interven- 
tion in cases that otherwise would be operable. Metastasis to 
the lungs, although it rarely ensues from gastric cancer, and 
metastasis to bones can be disclosed by suitable roentgenologic 
examination, but the rays will not disclose metastasis to abdom- 
inal lymph nodes or organs. Unfortunately such metastasis or 
some other unexpected deterrent is found at exploration in 
approximately half the cases that are operable as far as roent- 
genologic examination can determine. 
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elongated pyloric canal (Fig. 150). These marks occur rarely 
if ever in the other diseases named. When a niche is de- 
monstrable, the lesion obviously is an ulcer, but the examiner 
cannot be certain whether it is malignant or benign. Marked 
tortuosity of the channel is suggestive of malignant tumefaction. 
In most cases of pyloric disease, however, the report “lesion 
at the outlet” will best serve the interests of all concerned, and 
it should be understood that unidentifiable lesions in this situa- 
tion will prove to be malignant more often than benign. 

Determination of Resectability. — In any case of gastric 
cancer the resectability of the lesion is the next problem to be 
solved after the diagnosis has been made. Manifest^, resect- 
ability depends considerably on the courage, customs and skill 
of the surgeon, but the general condition of the patient, the 
situation and extent of the growth, the mobility of the stomach, 
the width of the epigastric angle and the presence or absence 
of metastasis are factors of fundamental importance. Con- 
cerning most of them roentgenologic examination will furnish 
reliable and often decisive information. Ordinarily, cancer of 
or implicating the cardiac half of the stomach — roughly the 
portion above the angular incisure and the line of the left 
costal arch — is deemed inoperable. Cancer restricted to the 
p}doric third is resectable if there are no other factors that are 
prohibitive. Between the cardiac half and the pyloric third 
of the stomach is a zone of doubtful resectability, and the 
nearer the growth approaches the line of the left costal arch 
from below the more doubtful becomes its resectability, al- 
though under exceptionally favorable circumstances it may be 
possible to excise a cancer that has extended to the line of the 
arch or even slightly above the line. In adjudging the extent 
of invasion it is to be remembered that the shadow defect 
depicting mucoid cancer represents rather closely the actual 
limits of disease, but scirrhous cancer usually has infiltrated 
the gastric wall well beyond the limit indicated by the shadow 
defect, and liberal allowance must be made accordingly. 

It will be recognized that these distinctions between reject- 
able and nonresectable growths are more or less arbitrary, for 
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THE ROENTGENOLOGIC APPROACH TO THE DIAGNOSIS 
OP INTESTINAL OBSTRUCTION 

Harry M. Weber 


niFHCULTIES AND IMITATIONS OF THE ROENTGENOLOGIC 
EXAMINATION IN G ASTRO-ENTEROLO GIC DIAGNOSIS 

The contribution oi the roentgenologic method of examina- 
tion to gastro-enterologxc diagnosis has been so gratifying as 
perhaps to have encouraged a tendency to become preoccupied 
with its virtues, and to lose sight of the unfortunate fact that 
the method is encumbered by certain intrinsic difficulties and 
limitations. Not easy to explain, for instance, is its inadequacy’ 
in giving: direct evidence of the presence, not to mention the 
nature, of certain functional gastro-enterologic disturbances 
which, if not neurogenic, are at least of extra -enteral origin. 
The difficulties referred to are inherent not so much in the 
method as they are in the clinical situation for the diagnostic 
clarification of which roentgenologic aid is sought. The pa- 
tient, for example, for whom a complete roentgenologic exam- 
ination of the gastrointestinal tract is contemplated, must be 
well and hardy enough to cope with considerable inconvenience 
and annoyance. He must be moved to the roentgenologic 
laboratory: he must be able to take and retain the inevitable 
contrast suspensions administered orally and by rectum: he 
must not have an abdominal condition the clinical course of 
which might be affected adversely by these substances, or by 
delay in instituting emergency therapeutic measures, or by pro- 
longed fasting, or by effective if not drastic purgation, or bv 
even gentle manipulation through the abdominal wall. Some, 
occasionally all, of these potentially maleficent maneuvers must 
be introduced if the full diagnostic yield nowadays expected of 
the roentgenologic examination is to be obtained. 

11-3 
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reach its diagnostic objective. A diagnostic technic of this kind 
is dangerous because the time consumed thereby is not well 
afforded by the patient, but chiefly because all commonly used 
contrast suspensions have a notorious tendency to become i?? 2 ~ 
pactcd above obstructing lesions, and thus are extremely likely 
to convert even a relatively benign clinical situation into a 
serious abdominal emergency. 

The rule. then, is to avoid any procedure which involves 
oral administration of salts of heavy metals as contrast sub* 
stances, or of purgative drugs in preparation therefor, in cases 
of acute or impending acute intestinal obstruction. Caution 
must also be observed in adapting such methods to cases of 
chronic obstruction, although a bolder attitude may be as- 
sumed if there is reliable evidence that the obstruction has 
been well compensated for. 

THE StMPLElROENTGENOLOGIC SURVEY OF THE ABDOMEN 

There is a simple roentgenologic test, easily done even at 
the bedside and with ordinary" apparatus which, when inter- 
preted properly and intelligently correlated with certain clinical 
findings, can be made to yield most pertinent diagnostic data 
on the presence, site and degree of intestinal obstruction, and 
in certain instances on the pathologic nature of the obstructing 
process. Because this test requires no preliminary preparation 
of the patient, nor the use of any kind of contrast material, it 
is not troublesome to the sick patient in any way\ and is very" 
quickly done. As a rule the diagnostic information obtained 
from the use of this test alone, correlated of course with the 
clinical history" and findings, is sufficiently' definitive to permit 
institution of proper therapeutic measures; if not, it serves, at 
least, to provide valuable dues as to the nature of the func- 
tional disturbance at hand, and to indicate what additional 
diagnostic procedures may safely be done further to clarify 
the problem. 

The simple roentgenologic survey of the abdomen is in no 
sense a new test. Case was using it as early as 1910. and in 
191 s discussed the diagnostic principles involved, while down 
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Every experienced physician knows, however, that situa- 
tions arise in which, for one reason or another, the complete 
and ideal roentgenologic examination cannot, even should not, 
be attempted. Intestinal obstruction , acute or impending, is 
a prominent example of such a clinical situation. This does 
not mean that the roentgenologic method has a subordinate 
place in the solution of the diagnostic problems associated with 
intestinal obstruction, but it does mean that careful considera- 
tion is to be given to the potentiality for harm which certain 
of its diagnostic technics may have. 

Dangers in the Oral Administration of Contrast 
Media in Obstruction. — Obstructed hollow viscera are noto- 
riously difficult to work with roentgenological^. Whether the 
obstruction is in the esophagus, stomach, small intestine or 
colon, similar conditions producing similar difficulties to the 
roentgenologic examiner pertain. Orad to the site of an ob- 
structing process distention always takes place. Associated 
with distention is suppression of effective peristalsis and of 
absorption. The dilated viscus becomes filled with abnormal 
intestinal secretions, ingested liquids and solid s, and gas, the 
chief source of which is swallowed air. If this obstructing 
process is at or above the level of the ileocecal junction, vomit- 
ing, usually frequent and copious, sets in. Severe abdominal 
cramps, marked weakness and prostration further contribute 
to the morbidity, making the patient the very poorest kind 
of subject to undergo any type of complicated diagnostic 
maneuver. 

Diagnostic procedures requiring administration of suspen- 
sions of opaque metallic salts or of purgative drugs in the prep- 
aration of the patient for such administration are, under these 
critical circumstances, not only impractical but dangerous. 
They are impractical because contrast suspensions become so 
widely dispersed in distended gastrointestinal segments, be- 
coming diluted in the abnormal secretions to the point of losing 
adequate contrast, and they usually fail to reach the site of 
obstruction, even when at a relatively high level, except after 
long lapse of valuable time. Thus the entire procedure fails to 
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supine abdomen. If for any reason perforation of an abdom- 
inal viscus is suspected a roentgenogram of the abdomen with 
the patient standing or sitting is made, centering the tube so as 
to include the diaphragmatic levels on the film. If the patient 
is too weak to stand or sit, an anteroposterior projection may 
be made of the same level with the patient in left lateral decu- 
bitus. Free gas in the peritoneal cavity will rise to be con- 
centrated at the highest possible level, so that when the abdo- 
men is erect it will be found under one or the other dome of 
the diaphragm, and in left lateral decubitus it is best seen 
between the right border of the liver and the abdominal wall, 
the dense mass of the liver enhancing the contrast. Free gas 
thus demonstrated in the peritoneal cavity of a patient not 
recently submitted to laparotomy is a sure sign of intra-abdom- 
inal perforation, although perforation of considerable magni- 
tude is apparently necessary for the sign to be developed. It 
is not demonstrable in every instance of perforation. 

Of the three projections just outlined, that of the abdomen 
supine is the most informative in the diagnosis of intestinal 
obstruction, and if but one roentgenogram is or can be made, 
this is the most desirable one. 

As was noted earlier in this paper, intestinal distention of 
some degree is the inevitable consequence of intestinal obstruc- 
tion. When the obstruction is severe enough to be manifested 
by clinical signs and symptoms it may be assumed that intestinal 
distention will be manifested at one or all of the roentgenologic 
examinations just outlined. It is tire excessive accumulation 
of intra-enteral gas which provides the change in contrast 
necessary for the production of tire roentgenoscopic and roent- 
genographic images of the distended intestine. 

Interpretation of the Roentgenologic Findings. Col- 

lections of gas are seen in various parts of the alimentary tract 
normally. The “gas bubble" of the stomach is familiar to 
even-one with any experience whatever in gastro-enterologic 
roentgenology.. Small, sometimes large, collections of gas are 
seen in normal subjects, especially in the splenic and hepatic 
flexures. The normal small intestine, too. may contain sas in 
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the . succeeding years many teachers of roentgenologic diag- 
nosis have been insisting on its value, but with emphasis on 
the warning signals it produces. It was Wangensteen, how- 
ever, who, on the basis of careful and well-controlled clinical 
observation and experiments in the laborator}', explained the 
phenomena exhibited in the test, defined clinicoroentgenologic 
criteria to put it on the solid foundation of observed facts , and 
did most to popularize its uses and advantages and to find for 
it a much wider application. 

Technical Considerations. — Ideally this examination is 
made both roentgenographically and roentgenoscopically. “When 
patients are very ill, however, as the}' usually are when suffering 
from intestinal obstruction, the first examination is most con- 
veniently done at the bedside, using portable roentgenologic 
apparatus. A more satisfactory examination will of course be 
made in the roentgenologic laboratory, when roentgenoscop} r 
and more efficient roentgenologic equipment, including the Pot- 
ter diaphragm, are available for use. Roentgenographic fac- 
tors of exposure time, kilovoltage, and target-film distance vary 
with the type of equipment at hand and with the density and 
thickness of the part to be examined. In general, the rule is 
to adopt a roentgenographic technic similar to that employed 
in roentgenography of the abdominal soft parts (kidneys, 
ureters, bladder), except that about 5 per cent greater pene- 
tration has been found to be of advantage. The central ray is 
directed at the midabdominal field, or if the clinical findings 
suggest a more pertinent localization, the tube may be centered 
more directly over this area. 

Two standard projections are made, anteroposterior with 
the patient supine , and postero-anterior, with the patient prone . 
Roentgenographic projection of the abdomen with the patient 
prone makes possible a more reliable estimate of the true size 
of the mobile abdominal viscera, because in this position most 
of them crowd forward and thus get as near to the roentgen- 
o Graphic film as possible. Because of this crowding, however. 
it°is frequently not possible to follow the arrangement of dis- 
tended intestinal coils so easily as in the roentgenogram of the 
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infrequently seen in patients whose abdomen seems to be 
tended clinically., who complain of colicky abdominal p*n, 
and in other ways suggest the presence or imminence of m es 
final obstruction (Fig. 152). A syndrome of this kind seems 
especially prone to deyelop in persons unaccustomed to a 



Fit: 151 — Postoperative ileus Moderate distention of small intestine tvith 
gas No gas in colon niter e\acuant enemas. Distention began thirty-six 
hours alter operation tor acute appendicitis. Distention subsided spontaneously. 


sedentary existence who are put to bed and given unfamiliar 
types of diet. The cause for the trouble is rarely made clear, 
since the symptoms disappear spontaneously or after a series 
of evacuant enemas. Distention of the colon persisting after 
one or several evacuant enemas is of course an important ob- 
jective sign of obstruction. An isolated loop of large intestine 
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sufficient quantity to be demonstrable roentgenologically, but 
such collections have the appearance of small bubbles in iso- 
lated areas. Collections large enough to distend the small 
intestine recognizably beyond normal limits and to outline 
more than a few inches of it are not seen except in abnormal 
states. The stomach, small intestine and colon of infants, 
especially those fed at the breast or bottle, normally show gas 
in large quantities, probably only because they swallow large 
quantities of atmospheric air in feeding. Since the intestinal 
tract of children seems to be, and probably is, relatively longer 
than that of adults, it frequently seems to be distended when 
actually it is not. 

The important determination to make is the presence or 
absence oj intestinal distention. The intestinal gas is important 
only in that it serves, by its negative contrast value, to make 
the distended segment of intestine visible at roentgenologic 
examination. When the distention involves the small intestine 
this determination is made with relative ease. Large accumu- 
lations of gas do not occur except in states of intestinal stasis, 
and even a small degree of intestinal obstruction produces 
roentgenologic evidence of distention. In general it may be 
said that the greater the distention the more nearly complete 
is the obstruction. A distended coil of small intestine is recog- 
nized as small intestine by the circumstance that it occupies 
a central portion of the abdominal field, its course is at right 
angles to the longitudinal axis of the body, and when several 
loops are distended and contiguous, a very fine line demarcates 
the individual loops. When distention of a degree insufficient 
to obliterate them entirely exists, the characteristic connivent 
valves of jejunum and upper ileum serve to identify a distended 
loop as small intestine (Fig. 151). 

It is much more difficult to determine the significance of 
caseous distention of the colon, or of parts of it, on the basis 
of roentgenologic evidence alone. Only when it is very mark- 
edly distended should the diagnosis of obstruction be pos- 
tulated unless the clinical evidence of obstruction is definitive. 
Very marked distention of the entire colon with gas is not 
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occupy, as does the transverse segment, the outer limits of the 
abdominal field. When distention is not so great as to oblit- 
erate them entirely, the characteristic haustra of the ascending 
and transverse divisions are also evident. 

The degree oj obstruction is, in general, represented by the 
degree oj distention manifested in the roentgenologic examina- 
tion of the abdomen. Marked distention may be exhibited, 
however, even when obstruction is incomplete, so the roent- 
genologic criteria are not definitive. Gaseous distention of the 
small intestine without evidence of gas in the colon generally 
means that the obstruction is in the small intestine and that it 
is complete. Complete obstruction of the colon quick!)' results 
in enormous distention, especially of the right colon, but only 
if the ileocecal sphincter is competent; otherwise distention 
will extend backward to involve small intestinal loops. At 
least some gas is always seen in the colon even when the ob- 
struction is in the small intestine, and particularly when intes- 
tinal colic is severe. This more complex situation may be 
clarified by the administration of one or several evacuant 
enemas. The functional capacity of the intestine below an 
obstruction is not impaired, and therefore it can contract and 
expel its content when properly stimulated. Gas persisting in 
the colon after enemas, even without appreciable diminution of 
the small intestinal distention, signifies that the obstruction in 
the small intestine is incomplete (Fig. 153): if the gas can 
be made to disappear from the colon complete block of the 
small intestine is indicated. The diagnosis of incomplete ob- 
struction of the colon is based on the finding of relatively minor 
degrees of distention of the colon associated with spontaneous 
passage of gas by rectum. 

Correlation of the Roentgenologic Evidence with the 
Clinical Findings— It must be emphasized that the diagnosis 
oi intestinal obstruction is not to be based on roentgenologic 
evidence alone. The diagnostic data elicited at the roentgen- 
ologic examination, when properly correlated with carefully 
elicited and evaluated clinical signs and symptoms, will almost 
alwax* serve to bring the ultimate diagnosis to a high degree 
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is recognized as such and distinguished from a loop of small 
intestine by the circumstance that its ascending and descending 
segments ntn para, let to the .ongi.udina, arts of the body, and 
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possible the site oi the obstructing process, its pathologic na- 
ture and whether the obstruction is mechanical or mhibitive. 
simple or strangulating (Fig. 154). In general it may be said, 
however, that the greatest contribution this particular examina- 
tion can make to the diagnosis is the establishment of the 



Fig. 1?-* — Postoperative ileus. Patient had undergone combined ab- 
dominoperineal resection of the rectum for carcinoma about three weeks before 
this distention developed. Gradual decompression by suction. The actual 
cause ot the distention was never determined. Adhesive obstruction? In- 
hibitive ileus? 


presence or absence of intestinal obstruction, and locating the 
site in either the large or small intestine. Further elaboration 
ot the diagnosis is much more a purely clinical problem. 

It is true, of course, that there are certain roentgenologic 
signs on the basis of which a diagnosis of inhibit k'C Hens might 
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of accuracy. This holds true not only for the determination 
of the presence of distention, which when found in association 
with intestinal colic, means intestinal obstruction, but a so in 
elaborating the diagnosis iurther to determine as precselv as 
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frequently should, be had to proctosigmoidoscopic examination 
followed, ii thereafter indicated, by roentgenoscopic examina- 
tion with. the opaque enema, to bring further evidence to bear 
on the diagnostic problem. If carefully done there are no 
serious contraindications to the use of these measures except 
the patient s inability, on account of weakness and prostration, 
to tolerate them. Both examinations are done in the usual 
manner, except that no purgative drugs should be administered 
to prepare the patient for them, and the least possible amount 
of the contrast enema should be allowed to flow through and 
above an obstructing lesion. The evacuant enemas admin- 
istered to assist the large intestine in relieving itself of gas 
distending it from causes other than mechanical obstruction, 
serve to prepare the intestine adequately for the purposes for 
which these examinations are done under these circumstances. 
Extreme gentleness and care should be exercised always, but 
especially in the presence of localized or diffuse abdominal 
tenderness and muscular rigidity, for these suggest perforation 
or strangulation obstruction, the sinister import of which is 
obvious. 

The expert proctosigmoidoscopic examiner is expected to 
find and identify the various stricture-forming lesions of the 
rectum and lower sigmoid colon, as well as such abnormalities 
as fecal impaction, congenital developmental errors and other 
processes with which low intestinal obstruction is associated. 
By roentgenoscopic examination with the opaque enema such 
abnormalities as intussusception, hernia, volvulus and megalo- 
colon are. as a rule, immediately made apparent and recognized 
without great difficulty (Fig. 155). TVhen intestinal obstruc- 
tion is the result of adhesions, bands or compression of the in- 
testine by extra-enteral processes, it must be assumed that the 
lumen oi the intestine must have been seriously compromised, 
and so the fact of obstruction is readily established, but unless 
the intestinal lumen at the site of obstruction can be penetrated 
with the contrast fluid, little or nothing of value can be deduced 
about the pathologic nature of the obstructing process. 

The problems of the examiner are similar^ when confronted 
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be postulated. Both the small intestine and colon are more or 
less markedly distended in this condition, the patient complains 
but little, and the abdomen when palpated at roentgenoscopic 
examination is relatively quiet. In some instances of inhibitive 
ileus, however, relatively few segments of the intestine are dis- 
tended, so that a diagnosis on roentgenologic evidence alone 
would be quite impossible. Distinction between simple and 
strangulating obstruction is made exclusively on the basis of 
clinical findings. 

Without the use of contrast suspension little can be ex- 
pected from the roentgenologic survey of the abdominal field 
in the way of predicting the pathologic nature of the obstruct- 
ing process. It does happen occasionally that the morphologic 
features of a constricting or intussuscepting lesion, especially 
of the large intestine, are so clearly delineated by the gas-dis- 
tended intestine just above it, that an anatomic diagnosis can 
be made on this basis. For the most part, however, even with 
full access to all diagnostic data derived from clinical sources 
and from the laboratory, conclusions regarding the pathologic 
nature of an obstructing process are at best inferential unless 
supplemented by further roentgenologic studies. 

Still insufficiently appreciated is the restraining influence 
the roentgenologic test now under consideration exerts on the 
examiner in instances in which evidence of acute or impending 
acute intestinal obstruction has been elicited. The prudent 
observer will then proceed with the administration of contrast 
suspensions, and of purgative drugs in preparation of the pa- 
tient for such administration, only with extreme caution, and 
with full knowledge and consent of his clinical and surgical 
consultants. If decision is made to proceed with more refined 
roentgenologic tests he will be apprehensive enough to have 
arranged in advance for the therapeutic management of any 
adverse contingency that may develop subsequent to or as a 
result of his administrations. 

roentgenologic examination with the opaque enema 

When there is substantial clinical and roentgenologic evi- 
dence that the large intestine is obstructed, recourse may. 
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1 1 the entire extent of the constricted intestine can be visual- 
ized by distending it with the opaque enema, then criteria are 
elicitable by means of which the neoplastic lesions are distin- 
guished from the non-neoplastic ones* This obviously is a 
critical distinction to make, for the subsequent therapeutic 
approach depends on it. Radical therapy will be undertaken 
if reliable evidence of neoplasm is developed; a more conserva- 
tive therapeutic approach is indicated if the lesion can be 
shown to be non-neoplastic. Even when a neoplastic lesion 
has become extensively infected, under which circumstances it 
takes on the anatomic, hence the roentgenologic, character of 
an inflammatory tumefaction, that fact can be determined 
roentgenologically. 

It is not possible, as a rule, to distinguish roentgenologically 
between the various kinds of non-neoplastic tumefactions which 
occur in the colon, but valuable diagnostic dues are almost 
always made available. A constricting lesion in the sigmoid 
colon, for instance, lacking the positive roentgenologic signs of 
neoplasm, but associated with roentgenologically visualized 
colonic diverticula, will almost always prove to be divertic- 
ulitis* Similarly, a constricting lesion in the ileocecal coil, 
also lacking the positive evidences for neoplasm, but associated 
with an active focus of tuberculosis of the lungs, will almost 
always prove to be an ileocecal tuberculoma. Again, if a 
tender stricture-like lesion is found in the hepatic flexure of 
a patient with clinical and roentgenologic evidences of cholecys- 
titis, in addition to intestinal symptoms, often he wall prove 
to have suffered perforation of the gallbladder with perichole- 
cystic and pericolic abscess formation to account for the 
intestinal symptoms and findings. It must be recalled, how- 
ever. that diagnoses like these are possible, as a rule, onlv 
when the lumen at the site of the constriction can be visualized 
in its entirety by passing the contrast fluid through it. 

Unfortunately when obstruction is complete, or nearly 
the lumen of the affected portion of intestine is no more 
pervious from above than from below, and so it happens all 
too frequently that roentgenologic observation with the con- 
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with one of the stricture-forming neoplastic and non-ncoplastic 
tumefactions. Again the fact of obstruction is obvious at once. 


DIAGNOSIS OF INTESTINAL OBSTRUCTION 


1157 


If the entire extent of the constricted intestine can be visual- 
ized by distending it with the opaque enema, then criteria are 
elicitable by means of which the neoplastic lesions are distin- 
guished from the now-neoplastic ones. This obviously is a 
critical distinction to make, for the subsequent therapeutic 
approach depends on it. Radical therapy will be undertaken 
if reliable evidence of neoplasm is developed: a more conserva- 
tive therapeutic approach is indicated if the lesion can be 
shown to be non-neoplastic. Even when a neoplastic lesion 
has become extensively infected, under which circumstances it 
takes on the anatomic, hence the roentgenologic, character of 
an inflammatory tumefaction, that fact can be determined 
roentgenologically. 

It is not possible, as a rule, to distinguish roentgenologically 
between the various kinds of non-neoplastic tumefactions which 
occur in the colon, but valuable diagnostic clues are almost 
always made available. A constricting lesion in the sigmoid 
colon, for instance, lacking the positive roentgenologic signs of 
neoplasm, but associated with roentgenologically visualized 
colonic diverticula, will almost always prove to be divertic- 
ulitis. Similarly, a constricting lesion in the ileocecal coil, 
also lacking the positive evidences for neoplasm, but associated 
with an active focus of tuberculosis of the lungs, will almost 
always prove to be an ileocecal tuberculoma. Again, if a 
tender stricture-like lesion is found in the hepatic flexure of 
a patient with clinical and roentgenologic evidences of cholecys- 
titis, in addition to intestinal symptoms, often he will prove 
to have suffered perforation of the gallbladder with perichole- 
cystic and pericolic abscess formation to account for the 
intestinal symptoms and findings. It must be recalled, how- 
ever. that diagnoses like these are possible, as a rule, onlv 
when the lumen at the site of the constriction can be visualized 
in its entirety' by passing the contrast fluid through it. 

Unfortunately when obstruction is complete, or oearlv 
the lumen of the affected portion of intestine is no more 
pervious from above than from below, and so it happens all 
too frequently that roentgenologic observation with the con- 
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trast enema fails to advance the solution of the diagnostic 
problem enough to compensate for the time and inconvenience 
its use entails. It finds its greatest usefulness in low and 
moderate degrees of intestinal obstruction shown, in the pre- 
liminary roentgenologic survey of the abdomen, to be located 
in the colon or lowermost ileum. Even if, for one reason or 
another, the exact pathologic nature of a lesion or condition 
causing mechanical obstruction in the colon or terminal ileum 
cannot be determined, the fact of obstruction, at least, can 
alwa}^s be established by the combined use of the proctosig- 
moidoscopic examination and roentgenologic observation with 
the contrast enema. Any failure in this respect is to be 
attributed not to inadequacy of the methods, but to temporary 
lack of proficiency on the part of the person trying to use them. 
Conditions like hernia, volvulus and intussusception must, of 
course, be seen at the time when the\ r are actually^ operative in 
producing intestinal obstruction. They do have a certain 
tendency to be reduced as spontaneously as they developed, 
and in their reduced phases no intrinsic abnormality is likely to 
be apparent when the intestine is examined proctosigmoido- 
scopically or roentgenologically. 

ROENTGENOLOGIC EXAMINATION WITH ORALLY ADMINISTERED 
CONTRAST MEDIA 

Little of real diagnostic import is accomplished, in in- 
stances of moderate to high degrees of intestinal obstruction, 
from orally administered contrast suspension followed roent- 
genologically as it makes its way down the intestinal tract 
toward an obstruction, unless the obstruction happens to be no 
lower than the upper third or so of jejunum. The impaction 
resulting from administration of suspensions of the insoluble 
salts of the heavy metals barium and bismuth contributes, often 
greatly, to the morbidity of intestinal obstruction by increasing 
its degree. Oral administration of such suspensions, no matter 
how prepared, are definitely contraindicated whenever clinical 
and roentgenologic evidence indicates (1) that obstruction is 
complete or nearly so. and (2) that, even if of low or moderate 
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degree, it is located in or below the lower two -thirds of small 
intestine. 

Nowadays barium sulfate is the opaque salt used in roent- 
genologic work practically to the exclusion of all others. Some 
roentgenologic examiners try to circumvent the danger of im- 
paction by administering the substance in diminished quantity,, 
either by giving a small volume of the standard or routine 
concentration, or by giving the standard volume of a consider- 
ably diluted suspension. Others substitute for barium sulfate 
a commercially prepared colloidal suspension of thorium 
dioxide which is inherently much more opaque to roentgen rays 
and does not become impacted. Still others advocate delivery 
of the preparation of barium directly to the site of obstruction 
through a duodenal tube previously allowed to pass down to 
this level, with the idea of withdrawing the opaque fluid by 
suction when it has served its diagnostic purpose. All of these 
maneuvers are attended with practical disadvantages. Colloidal 
thorium dioxide is inordinately expensive and otherwise diffi- 
cult to obtain. Any opaque fluid added to the fluid and 
gaseous contents of distended intestinal loops is sure to be 
widely dispersed, unevenly mixed, and diluted to the point of 
losing adequate contrast. The greater the degree of distention 
the more effectively intestinal motility is subdued, and so the 
tune required for roentgenologic examination is likely to be 
extended beyond practical limits, especially if obstruction of 
considerable degree has taken place. 

I have had no cause to be impressed with the use of the 
intestinal tube as a roentgenologic diagnostic instrument, re~ 
gardless of the manner or form in which I have seen it used 
Here again the time element has been confounding. To be 
capable of yielding diagnostic information of consequence the 
tip of the tube, at least, must reach the site of obstruction, and 
this is always a matter of hours, sometimes of davs. Then 
when it has reached or even passed through the intestinal 
lumen at the site of block ; nothing of real diagnostic import 
beyond the fact of obstruction seems ever to be revealed In 
testinal tubes of the Miller-Abbott type seem to me to have 
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trast enema fails to advance the solution of the diagnostic 
problem enough to compensate for the time and inconvenience 
its use entails. It finds its greatest usefulness in low and 
moderate degrees of intestinal obstruction shown, in the pre- 
liminary roentgenologic survey of the abdomen, to be located 
in the colon or lowermost ileum. Even if, for one reason or 
another, the exact pathologic nature of a lesion or condition 
causing mechanical obstruction in the colon or terminal ileum 
cannot be determined, the fact of obstruction, at least, can 
always be established by the combined use of the proctosig- 
moidoscopic examination and roentgenologic observation with 
the contrast enema. Any failure in this respect is to be 
attributed not to inadequacy of the methods, but to temporary 
lack of proficiency on the part of the person trying to use them. 
Conditions like hernia, volvulus and intussusception must, of 
course, be seen at the time when they are actually operative in 
producing intestinal obstruction. They do have a certain 
tendency to be reduced as spontaneously as they developed, 
and in their reduced phases no intrinsic abnormality is likely to 
be apparent when the intestine is examined proctosigmoido- 
scopically or roentgenologically. 

ROENTGENOLOGIC EXAMINATION WITH ORALLY ADMINISTERED 
CONTRAST MEDIA 

Little of real diagnostic import is accomplished, in in- 
stances of moderate to high degrees of intestinal obstruction, 
from orally administered contrast suspension followed roent- 
genologically as it makes its way down the intestinal tract 
toward an obstruction, unless the obstruction happens to be no 
lower than the upper third or so of jejunum. The impaction 
resulting from administration of suspensions of the insoluble 
salts of the heavy metals barium and bismuth contributes, often 
greatly, to the morbidity of intestinal obstruction by increasing 
its degree. Oral administration of such suspensions, no matter 
how prepared, are definitely contraindicated whenever clinical 
and roentgenologic evidence indicates (1) that obstruction is 
complete or nearly so, and (2) that, even if of low or moderate 
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obstruction. Wangensteen and others have emphasized 
strongly that the most pernicious type of obstruction of all 
is that occurring acutely in the pelvic colon. If the ileocecal 
valve is competent enough to resist the high intracolonic pres- 
sure developing with acute obstruction in the lower half of the 
large intestine, a closed loop obstruction is effected, and cecal 
perforation is then imminent. 


SUMMARY 

The roentgenologic approach to the diagnosis of intestinal 
obstruction begins with the survey of the abdominal field for 
evidence of intestinal distention. If such evidence is absent, 
then it is usually safe to proceed with the routine type of 
examination of the intestinal tract. When evidence of intes- 
tinal obstruction is at hand, then caution is the watchword. 
The site, degree, and possible nature of the obstruction as 
determined by careful and intelligent elaboration and interpre- 
tation of the clinical and roentgenologic findings will determine 
the subsequent diagnostic procedure. In the interest of safety 
the investigation is best pursued from the aboral aspect of the 
suspected site of the lesion. Proctosigmoidoscopic examination 
and roentgenologic observation of the opaque enema are insti- 
tuted first to exclude the rectum, colon and lowermost ileum 
as sites of obstruction. In general, the giving of purgative 
drugs and contrast media by mouth is studiously avoided, at 
least until complete decompression has been effected, but even 
then only with their potentiality for harm in mind. Judiciously 
applied and interpreted in the light of experience, and in care- 
ful correlation with the clinical history and with the findings 
of the physical examination and of the clinical laboratory, the 
roentgenologic examination can be made to clarify many a 
difficult situation, often to deliver a precise preoperative ana- 
tomic diagnosis. 
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no particular advantages in this respect. In isolated instances 
it may be possible to gain more precise information about the 
nature of an obstructing process with a complicated technic 
developed in one way or another around one of the many 
modifications of the intestinal tube, but in my experience a 
favorable result has been the exception, not the rule. This 
much certainty is true, that when special caution about causing 
contrast media to be placed orad to an obstructing process is 
indicated, the information to be gained thereby can be expected 
to be limited, no matter in what manner the medium is admin- 
istered. The lower the degree of intestinal obstruction, of 
course, the less specifically is the oral use of contrast medium 
contraindicated but, when used, arrangements for its imme- 
diate removal by use of suction through the intestinal tube 
should have been made in advance to deal properly with any 
difficulties that might ensue. 

The principle, developed largely by Wangensteen and then 
promulgated by him, of applying suction to an indwelling in- 
testinal tube for the purpose of relieving intestinal distention, 
has advanced the therapy of intestinal obstruction immeasur- 
ably. Certain types of obstruction are known to yield to this 
method of treatment alone. This form of treatment, moreover, 
is indicated in ever}' type of intestinal obstruction not compli- 
cated by strangulation or by other factors acutely and seriously 
threatening the viability of the intestinal wall. Its essentia! 
function is decompression, and when successful an acute ob- 
struction is converted into a subacute or chronic one. enabling 
the intestine gradually to adapt itself to the effects of obstruc- 
tion, although the primary cause may not be directly in- 
fluenced. The progress of decompression is observed roent- 
genographically while suction is in force. After successful 
decompression, contrast suspensions can be given by mouth 
more boldly and effectively, for effective intestinal motility mil 
have been restored, distention reduced and conditions in gen- 
eral improved to the point where a really satisfactory roent- 
genologic examination can be conducted. The colon, especially 
ffs lower segments, must have been excluded as the site of 
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obstruction. Wangensteen and others ^ have emphasized 
stronalv that the most pernicious type of obstruction of all 
is that occurring acutely in the pelvic colon. If the ileocecal 
valve is competent enough to resist the high intracolonic pres- 
sure developing with acute obstruction in the lower half of the 
large intestine, a closed loop obstruction is effected, and cecal 
peri oration is then mnninent. 

SUMMARY 

Tbe roentsenoloric approach to the diagnosis of intestinal 
obstruction begins with the survey of the abdominal field for 
evidence of intestinal distention. Ii such evidence is absent, 
then it is usually safe to proceed with the routine type of 
examination ox the intestinal tract. When evidence oi intes- 
tinal obstruction is at hand, then caution is the watchword. 
The site, degree, and possible nature of the obstruction as 
determined by careful and intelligent elaboration and interpre- 
tation of the clinical and roentgenologic findings will determine 
the subsequent diagnostic procedure. In the interest of safety 
the investigation is best pursued from the aboral aspect of the 
suspected site of the lesion. Proctosigmoidoseopic examination 
and roentgenologic observation of the opaque enema are insti- 
tuted first to exclude the rectum, colon and lowermost ileum 
as sites of obstruction. In general, the giving of purgative 
drugs and contrast media by mouth is studiously avoided, at 
least until complete decompression has been effected, but even 
then only with their potentiality for ham in mind. Judiciously 
applied and interpreted in the light of experience, and in care- 
ful correlation with the clinical history and with the findings 
of the physical examination and of the clinical laboratory, the 
roentgenologic examination can be made to clarify manv a 
difficult situation, often to deliver a precise preoperative ana- 
tomic diagnosis. 
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Bladder, diverticulum, Jan., 263 
elusive (Hunner), ulcer, Jan., 265 
injuries, March , 3S0 
neck, fibrosis, Jan., 257 
tumors, Jan., 268 

Bias tom ycosis, roentgen treatment. 
July , 963 

Blood disorders in infancy and child' 
hood, diagnosis and treatment. 
May, 659 

dyscrasias, fever in, Jan., 295 
roentgen diagnosis, May, 669 
occult, benzidine test, March , 562 
reactions from sulfonamides, bone 
marrow examination by sternal | 
puncture in. May, 663 
serum, phosphatase determination, 
in differential diagnosis of jaun- 
dice, May, 541, 544 
sodium concentration, in Addi- 
son’s disease, May, 798 
show, in carcinoma of cervix, July, 
887 

Bone marrow examination by sternal 
puncture, May, 663 
Bones, pain in, Jan., 63 
tumors, roentgen diagnosis, July, 
1041 

roentgen treatment, July, 1004 
Brain, congenital defects, convulsions 
in, 3 / arch, 509 

injuries, March , 393 i 

bv shock treatment in psvehoses. 
May, 741 ' 

tumors, head pain from, Jan., 4, 12 ■ 
roentgen treatment, July, 993 
Braxton Hicks version in placenta 
praevia, May , 653 

Breast, abscess, roentgen treatment. 
May ; 643 

carcinoma, roentgen treatment, 
July, 996 

Breech deliver}’, Jan., 271 
extraction, Jan., 271 
Brewer’s yeast in pregnancy. May, 621 
Bronchiogenic carcinoma, roentgen 
Treatment, July , 1000 
Bronchoscopic drainage in pulmonary 
abscess, March, 553 
Burns of eye, March, 3 70 | 

Bursitis, Jan., 65 

Cachexia nervosa. May, 755 
Calcaneus, epiphysitis, Jan., 106 
Calciferol in pregnancy, May, 622 > 

Calcium gluconate in cancer, Jan., 12S j 
Calculi, vesical, Jan., 263 J 

Calvarium, tumors, and conditions { 
which mav simulate them roentgen- 
ologically, July, 1106 
Carbon monoxide poisoning, March, 

437 


] Carbuncles, radium treatment, July, 
1 954 

roentgen treatment, July , 95S 
Carcinoma, bronchiogenic, roentgen 
treatment, July, 1000 
embryonal, of kidney, July, 100 1 
of testis, July, 1002 
fever in, Jan,, 296 
intra-oral, roentgen treatment, J:dv, 
991 

metastatic, of bone, roentgen diag- 
nosis, July, 1050 
of skull, roentgen diagnosis, Julv, 

1111 

of bladder, roentgen treatment, 
July, 1002 

of breast, roentgen treatment, Julv, 
996 

of cervix, diagnosis, July, 8S6, S94 
direction of therapeutic, effort in, 
July, 885 

radiologic treatment, July, S99, 
908 

roentgen treatment, July , 989 
of fallopian tubes, radium treat- 
ment, July, 905 

of female genitalia, malignancy ac- 
cording to location, July, 912 
radium therapy, July, 905 
of gastro-intestinal tract, roentgen 
treatment, July, 1006 
of larvnx, roentgen treatment, July, 
992 

of ovarv, radium treatment, July, 
905 

of rectum, July, 915 
diagnosis, July, 924 
etiology, July, 921 
radium treatment, July , 929, 1005 
roentgen treatment, July , 936 
surgical diathermy for, July, 937 
surgical management, July, 925 
of uterus, radium treatment, July, 
909 

, roentgen treatment, July, 1006 

of vagina, radium treatment, July , 

| 911 

of vulva, radium treatment, July, 

9 n 

pain in, control, Jan., 117 
post- irradiation, July, 1013 
Carnotite, July , 877 
Carotene in pregnancy. May, 623 
Carotid bodv, tumor*, treatment, 
July, 995 

Caruncle of urethra, Jan., -aa 
Causalgia, Jan., 67 
Cells, specific sensitiveness to lrradia- 
i tion, July, 975 _ 

! Cep halm fiocc elation reaction xn dif- 
! ferential diagnosis of jaundice, Ma> 

, 843, 844 
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^trs»r* 

infinrs r»ml children. 995 . • 


sion* in, Marcn, 509 

P «fW * ' nfanU 3 e "' Contract,, making, competent of m- 

ainvto*thromboat, ifcrth, 500 dividual, o 26 

r " , n h Tm oG Contrast imelograpn\, Jui\, iuo/ 

Tmlbrae: Lra-c, head pain .rom, Convalescent *erum m polionneliti,. 

Cervix” uteri, carcinoma, diagno^. ^application in medicine, Jan , 

direction ot therapeutic effort Convulsions in infancx and childhood, 
in, J th, SS5 Harci., -ISa 

radiologic treatment, 7a2i, S99, Cooler , anemia, roentgen diagno-i-. 

90S May, an 

rrantran treatment. Juh. 9S9 target cell in. Vfl.v, 673 


in, JJy, SS5 

radiologic treatment, J uh , S99, 
90S 

roentgen treatment, July, 9S9 


UJCiitgcu ucauuuni, ' r _ , r Ii: 

Cesarean section in breech presents- Cordotonn m cancer, Jan r I -a 


tion, Tom, 2S4 Corn-, roentgen treatment, July , 967 

m placenta *praevia , Afa>, 654 Coronar\ artery di-eaj*, Jan , 95 
Cevitamic acid in teeding of newborn, syphilis of, Afu\, 9 

526 thrombo-i-, abdominal pam m, 

Chancroid, laboratory diagnosis, Afui, Ju/j , 29 

335 Cough, treatment, 

sulfanilamide in, \ferc/j, 459 Court, doctor a* witness in, March, 

Chemotherapy m otitis media, Afoy, 303, 434 

0 97 Cnminal responsibility , in -unity and, 

in pneumococcus pneumonia, Jar, , Afcrc/., 313 

205 Cul-de-sac, anatomic \*anation-. ^con- 

in puerperal iniection-, May, o37 trast myelography in, J:dv, 107S 
u-es and abuses, ot, March, 453 Cunes and radium, July, SIS 
Chest, di-eases, abdominal pain in, Cystic hygroma, irradiation of, July, 
Jan , 29 _ 94S, 995 

injuries, March, 373 Cysts, hemorrhagic, of bone, roentgen 

lesions, roentgen diagnosis, medi- diagnosis, July , 105S 
colegal aspects, Af era:, 341 ot urethra, Jan , 24S 

Chicken pox convalescent serum, 

Jan , 234 

Chlorotorm anesthesia March, 5S7 DtATH b\ violence, Marct. , 423 
Chondrodysplasia, July, 1054 circumstances ot , March, 429 

Chondrodystrophy, Juh, 1054 determination of, March, 426 

Chondroma, roentgen diagnosis, July, duration ot, March, 42S 
1054, 1055 Delirum, alcoholic, chronic, Aid 

Chondromxcoma, Juh\ lOol tremen-, Ma\, 715 

Cho no meningitis, Kmphocvtic, Mar , Dementia paralytica, Afa^, 729 
497 ^ ... praecox. May , 710 

Circulatory sy stem, pain arising in, shock therapy , May, 735 
Jan , 77 Derraatm-, Jar: ,’lSl 

Claviis, roentgen treatment, July, 966 atopm, Jan , 1S5; March, 535 
Clinical laboratones, relation to prac- mycotic, Jan , 1 SS 
ticing physician, May, S23 occupational, Jan . 133 

Cobra yenom in cancer, Jan , 11 S Dermatologic condition-, rc 
Cocaine addiction, psycho-is due to, treatment, July, 965 

j - 1 Deso\\ coruco-terone acetate 

and ophite addiction, 1 /ay, 721 dison's disease, ATay, 797 75 

Lodhy er oil in pregnancy , May , 622 Diaphy seal aclasis, July, 1054 
Cold-, common, Jan 195 Diathermy, short wuye, May. 

Colon baollus mtecuon, puerperal, surgical, tor carcinoma of i 
May .6*4 Ja/y. 937, 939 

Comm^r* ^“, m ' Jcn ’ 22 Dl . et ln hyperten-ffon. Jen . 13< 
vSdTfn proceedings in insanity , m pre\ ention of coliK Jan , 

S 3 ? U ° n te=ta “ 5 > phlU '- : DipLyjiattpa^uc', 'YfSr’cC S\Q 

.ucy, O-y, Csoa ULJJ.. r 


DbATH b\ violence, March , 423 
circumstances ot, March, 429 
determination of, March, 426 
duration ot, March, 42 S 
Delirum, alcoholic, chronic, Afjy, 
tremen-, AJtiy, 715 


shock therapy , Afa%, 735 
Dermatm-, Jar: ,1S1 
atopm, Jan , 1S5; March , 53S 
m\ co tic, Jan , 1SS 
occupational, Jan . 133 
Dermatologic condition-, roentgen 
treatment, July , 965 
Desoxy cortico-terone acetate in Ad- 
| dison's disease. May, 797, 799 
Diaphy seal aclasis, July, 1054 
Diathermy, short waye, May, $15 
surgical, tor carcinoma of rectum, 
Juh, 937, 939 

Diet m hypertension, Jan , 156 
in prey ention of cold-. Jan , 202 
psychoses and. Afar, 742 
Diplegia, spastic, March, 510 
Dryerticuluiu oi bladder, Jan , 263 
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Dnerticulum of urethra, Jan , 251 
Dream state, postepileptic, May, 729 
Drug psy choses, May, 717 
Duodenum, diseases, pain in, Jan , IS 
Dysmenorrhea, Jan t 52 
roentgen treatment, July, 972 

Exrdrlm, incision. May, 695 
Eczema, atopic, Jan , 185, March , 538 
in adults, Jan , 181 
m infants and children, Jan , 184 
roentgen treatment, July, 967 
Edema, angioneurotic, March , 537 
cerebral, March, 395, 399 
Electrocoagulation for carcinoma of 
rectum, July, 939 

Electro shock treatment of psychoses. 
May, 739 

Electrotherapy, May, SIS 
Embolism, pulmonary , pain ol, Jan , 
82 


Esophagus, pain from, Jan , 17 
Estradiol, Jan , 163 
Estnol, Jan , 166 

Estrogen therap>, Jan , 155, 157, 
May, 610 

in menopause. May, 610 
Estrone, Jan , 162 
Ether anesthesia, March, 584 
Eyipal anesthesia, March, 5SS 
Eumg’s tumor roentgen diagnosis, 

1 July, 1047, 1061 

roentgen treatment, July, 1007 
Evostosis, roentgen diagnosis, July, 
1054 

Expert testimony March, 310, 315, 
435 

Extra-uterine pregnane), Jan , 41 
Eye, foreign bodies m, March, 371 
injuries, in industry, March, 370 
malignant tumors, roentgen treat- 
ment, July, 995 


Embr)onal carcinoma of kidney, 
roentgen treatment, July , 1001 
of testis, roentgen treatment, 
July, 1002 
Emmenm, Jan , 166 
Emphysema of lungs, traumatic, 
March , 375 

Encephalitis, March , 497 
postmfection, March, 498 
Strumpell-Marie, March, 501 
Encephalocele, roentgen diagnosis, 
July, 1107 

Encephalomelaigia, Jan , 7S 
Encephalopathy, lead, March, 505 
Endocarditis, subacute, feyer in, Jan , 
293 

Endocrine therapy in gynecologic dis- 
orders, Jan , 155 
in p)choses. May , 742 
in women, May, 607 
Endothelioma of bone, roentgen diag- 
nosis, July, 1047, 1061 
roentgen treatment, July, 1005, 
1007 


F\ce, J)mphedema of, radium treat- 
ment, July, 949 

Fallopian tubes, carcinoma, radium 
treatment, July , 905 
Fascitis, Jan , 6S 
Feces, examination, March, 562 
Feet, painful, Jan , 103 
spreading, with arthritis, Jan , 115 
Fertiht), \itamins and, 1 fay, 616 
Fe\er, conyulsions of, March, 493 
obscure origin, diagnosis and treat- 
ment, Jan , 287 
therapy, May, SIS 
in s>phihs. May , 7 80 
Fibroids See Fibromyoma 
Fibromyoma of uterus, Jan , 46 
radium treatment, July, 949 
roentgen treatment, July , 971, 
1006 

Fibrosarcoma of skull, roentgen -tud\, 
July, 1111 

roentgen treatment, July, 1007 
Fibrosis, myocardial, interstitial, Mas, 


Epidermoid tumor of skull, roentgen 
stud), July, 1110 
Epileps) , March, 511 
Epileptic equivalent, May, 729 
furor, May, 729 
psychoses. May , 728 
Epiphv-eal separation, Jan , 63 
Epiph)sitis of calcanei, Jan , 106 
Ergosterol in pregnancy, May, 622 
Erysipelas, roentgen treatment, July 

959 

sulfanilamide in, March, 45S I 

Erythema, roentgen ray, July, 9i9 t( 

9S3 * a \ 

Ery throblastic anemia, roentgen diag- 
nosis, May, 671 


794 

of bladder neck, Jan ,257 
Fibrous plaques of pern-, radium 
treatment, Juh, 952 
First aid in mdu-trial injurie- March, 
365 

Fistula, aruriovenous, of spinal cord, 
July, 10S4 

Fluoroscopy , dangers, March, 3!a 
~ood allergy, limitations of, March, 
329 

•'orcep-, \\ lllett's, May, 65- 
r oreign bodits in e\e, Marat, 3/1 
: ractures ol skull, March, 39-, 398 
reduction, roentgeno^copic, risks to 
physician, July, 1013 
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Fractures, roentgen examination, 
medicolegal aspects, March, 3>3$, 337 
Frei test, May, S35 
Freiberg’s disease, Jan., 104 _ 

Figuration for carcinoma of rectum, 
July, 937 

Furuncle, roentgen treatment, J uly , 

95 S 

Fusion in joint injuries, Jan., /o 

G\llbladder disease, pain In, Jan., 

23 

Galvanic current, use of, May, SIS 
Gamma rays, July, S76 
Gas bacillus infection, puerperal, May, 
634 

gangrene, chemotherapy, March, 
3S2, 3S5, 460 

Gas-saving devices, dangers, March, 
442 

Gastric examination, technic, March , 
559 

Gastro-intestinal allergy, March, 540 
tract, carcinoma of, roentgen treat- 
ment, July, 1006 
pain, Jan., 16 

roentgen examination, risks to 
physician, July, 1013 
Gastroscopy, March, 56S 
General paresis, May, 729 
Genitalia, female, carcinoma of, malig- 
nancy according to location, 
July', 912 

radium treatment, July, 905 
Genito-urinarv tract, injuries, March, 
37S 

pain, Jan., 24 

Giant cell tumor of bone, roentgen 
diagnosis^ July, 1056 
Glioma, cranial changes in, July, 1111 
Glomerulonephritis, acute, Jen., 169 
nephrotic syndrome, Jan., 173 
Gonadotropic substances, Jan., 156, 
157, 165 

use in female, May, 612 
Gonococcal infections, puerperal, Mav. 
63S, 640 

Gonococcus, culture identification. 
May , S33 

staining, May , S33 

Gonorrhea, infantile, estrogen therapy. 
May, 610 

laboratory diagnosis, May, S33 
sulfapyridine and sulfa thiazole in, 
March, 470 

Gonorrheal salpingitis, Jan., 39 
Gout, Jan., 69 

Growth hormones. May , 612 
Gumma of myocardium, May, 793 
Gynecology, endocrine therapy in 
Jan., 155; Ma}*, 607 


Hallucinosis, alcoholic, acute, May , 

Hay fever, perennial, Mow*, _537 
Head injuries, March, 367, o9-, 

pain, differential ^diagnosis and 
treatment, Jan,, 3 
Headache, Horton’s, Jan., 7S 
in brain tumor, Jan., 4^ 
in cervical vertebral disease, Jan., 

7, 13 

indurative, Jan., 7, 12 
migrainous, Jan., 9, 12; JJarch, 539 
neurotic, Jan., JO, 13 
nodular, Jan., 7, 12 
Heart disease, rheumatic, Jan., SS 

sulfanilamide in, prophylactic, 
March, 473 
syphilitic, Jan., 91 
muscle disease, Jan., 9$ 
pain, relief of, Jan., S7 
syphilis. May, 7S9 

Heat- regulatory mechanism, disorders 
of, fever in, Jan., 296 
Heel, painful, Jan., 6S 
Hemangioma of bone, roentgen diag- 
nosis, July, 1056 

of scalp, roentgen study, July , 1104 
of skull, roentgen study, July, 1110 
radium treatment, July, 946 
Hematoma, subdural, March, 369, 49S 
subperiosteal, July, 1062 
Hemolytic anemia, roentgen diag- 
nosis, May, 671 _ 
sternal aspiration in, May, 669 
jaundice, roentgen diagnosis. Mu v, 
671 

Hemorrhage, first aid, March, 365 
intracranial, March , 395, 400 
of newborn, March, 4S6 
subarachnoid, March, 499 
Hemorrhagic disease of newborn, 
vitamin K in, May, 619, 661 
Hemothorax, traumatic, March, 375 
Hernia, gastric, roentgen diagnosis, 
July, 1129 

Heroin addiction, psychosis due to. 
May, 719 

Herpes simplex, Jan., 190 
zoster, Jan., 190 

roentgen treatment, July , 96S 
Hibernation in cancer, Jaj;., 127 
Hidradenitis suppurativa, roentgen 
treatment, July, 96S 
Histaminase, experimental and clinical 
studies. May, S49 

Histamine, experimental studies, Mav. 
S50 

Hodgkin’s disease, fever in, Jan., 295 
sternal aspiration in, Mav, 669 
Homicide by violence, March, 423 
Hormone therapy. See Endocrine 
therapy . 
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L “%?rs “ Ssi’W 

»ss>S:w.«« vom . 

\r&nt March 5^5 Menorrhagia in girls and joun^, 

discs’, roentgen diagnosis. raedi- ] women, radium treatment, J-Jj, 

infariSon^SSominaJ pain in, Jan., ! ot meaojause, radium treatment, 

■>9 i 9a 1 

injuries, J lurch. 37 3 . j thyroid therapy, 3/ny. 609 

Lvmph nodes, cervical, actinomycosis i Mental disease, May. , t , 

of. irradiation in, July , 955 i medicolegal aspects, A/urr ft, Mo 
metastatic tumor, irradiation) disorders following injury, Jlaroi, 
of. July, 995 i . 323 

Lymphangioma, radium treatment, < in adolescents, Marcn f *> a 

July, 947 j symptoms, and organic disease, 

Lvmphedema of face, radium treat- j Mcy, 742 ^ . c 

ment, Julw 949 1 Mercury ingestion, suicide from, 

Lvmphoblastoma, roentgen treatment, j March, 403 

July, 9S7 ~ j treatment, Mann, 40 1 

L\miphogranulomainguinale, Freitest, | Mesenteric "vascular occlusion, ab~ 
May, 836 " I dominal pain in, Jan. t 26 

sulfanilamide in, March. 462 j Metabolic rate, low, in cachexia ner- 
Lvmphopathia venereum, Frei test,] vosa, May, 769 

May, S36 j Metaphyseal aclasis, July, 1054 

J Metatarsal bones, short. Jam, 109 

Malignancy of carcinoma of female ! Metatarsophalangeal arthritis, Jan., 
genitalia, July, 912 j 10$ 

Malignant tumors, roentgen treatment j Methyl testosterone, Jan., 159 
July, 973, 979 | Meuazol in schizophrenia, May, 


736 

Metreurvsis in placenta praevia, May, 
652 

Metrorrhagia, thvroid therapv, A/a v, 
609 

Microcephaly, March, 510 
, Migraine, Jan., 9, 12; March , 539 
j Mikulicz's disease, July , 995 
Mononucleosis, subacute, fever in, 
Jan., 294 

Morphine addiction, psvchosxs due to, 
May, 719 


Manic-depressive psychosis, May, 712 
Mapbarsea in syphilis, May . 777 i 
by intravenous drip, May, 7S1 ! 

Marijuana addiction, osvehosis due ] 
to. May, 722 

Mastitis, puerperal, roentgen treat- 
ment, May, 64 i 

Measles convalescent serum, in pro- 
phylaxis, Jan., 230 
in treatment, Jen., 232 
Medicolegal aspects, symposium on, 

March , 303 

Melancholia, involution. May, 72 3 i Mucocele of sinus, cranial changes in, 

Melanoma, malignant, roentgen treat- j July, 1112 

ment, July', 1007 [Mumps convalescent serum, in pro- 
of retina, treatment, July, 995 | vention, Jen., 233 


Membranes, rupture, 
praevia. May, 651 


placenta 


Meningioma, cranial changes in, July , j Mycosis fungoides, roentgen 


nil 

cf spinal cord, July, 1072, 10S2 
Meningitis, meningococcal, March 
459, 494 

pneumococcal, March , 495 
sulfapyridine in, March , 469 
streptococcal. March, 496 
suiianilamide in, March , 457 
tuberculous, March, 496 


in treatment, Jon., 234 
Muscles, pain in, Jan., 63 


ment, July , 969 
I Mycotic, dermatitis, Jan., 1SS 
; Myelography, contrast. July , 1067 
j with air, July, 1091 

; with iodized Vd, July, 1067 

; with thorium dioxide sol, Ja/v 
1 1059 

\ roen *§ tn diagnosis, Julw 


fibrosLs fatersn - t£J> , Ic . A 

M emajococcal infections, sulfanila- | .Myocardium, syphilis, Jf av 797 

i Myringotomy, A/ay, 695 


mide, March, 459 
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N \rcotic addiction, ps\ chores due to 
May, 729 ' 

Xasopharymv, chemicals to, for pre- 
vention ot poliomyelitis, J/ay, 6S7 
N’eck, lymph nodes, actinomycosis of, 
irradiation in, July , 955 
metastatic tumor, irradiation 
of, July , 995 

Xeoars phenamine in pulmonary ab- 
scess, March, 550 

m syphilis, by mtra\ enous dno. 
May, 7S0 

Xeoprontosil, March , 471 
Xephntis, acute, con\ ulsionsin, March, 
502 

treatment, Jan , 169 
Xephrosis, Jan,, 175 
Nervous s\ stem, tumors, roentgen 
treatment, July, 995 
Nerves, lesions, pain Irom, Jan , 55 
Neuralgia, headache from, Jan , 7 
Xeuntis, avitaminotic, Jan , 5$ 
from focal infection, Jan , 59 
postherpetic, Jan , 57 
Xeuroblastoma of skull, metastatic, 
July, 1111 

Xeurodermite, roentgen treatment, 
July , 967 

Neurofibroma of spinal cord, July, 
10S5, 10S4 

^ peripheral, pain trom, Jan , 59 
Xeuroses, post- traumatic, March , 325 
Xeurotic headache, Jan , 10, 13 
Xevi, congenital, radium treatment, 
July, 946 

Newborn con\ ulsions ot , March, 4S6 
hemorrhagic disease, vitamin K m, 
May, 619, 661 

vitamin requirements. May, 6 25 
Niche of peptic ulcer, July, 11 IS 
Nitrogen treatment of ps\choses, 
May, 73S 

Nitrous o\ide-o\\gen anesthesia, 
March, 5S7 


Osteodystrophia fibrosa cystica, roent- 
gen diagnosis, July , 105S 
Osteogenic tumors of bone, roentgen 
diagnosis, July , 1043, 1052, 1060 
Osteoma, July, 1054, 1055 

of skull, roentgen diagnosis, July, 
1109 

Osteomy elitis, nonsuppurating, of 
Garre, July, 1063 
of skull, roentgen diagnosis, Juh, 
1112 

Otitis media. May , 693 

acute catarrhal, May, 693 
acute purulent, May , 695 
chemotherap\ , May, 697 
chronic purulent, May, 699 
pre\ention, May , 693 
subacute, May, 694 
traumatic, May, 694 
Ovar\ , diseases, abdominal pain in, 
Jan , 2S 

dysfunction, roentgen treatment, 
July, 97 2 

malignant tumors, radium treat 
ment, July, 905 
roentgen treatment, July, 1004 
tumors, Jan , 46 


P\CHYMEM\GITIS, hemorrhagica in- 
tern a, March, 49 S 
Paget’s disease of skull, July , 1114 
Pam, abdominal, Jan , 15 
arising from female pel vi-, Jan , 35 
from lesions of nerves and spinal 
cord, Jan , 55 
cardiac, Jan , S7 
gastrointestinal tract, Jan 16 
gemto-unnarv tract, Jan , 24 
head, Jan , 3 
m cancer, Jan , 1 15 
of cervi.\, Jul\, SSS 
in circulatory ch-ea-e, Jan . 77 
in mu-cles, bone- and joint- lan , 


OcctP^TiON dermatitis, Jan , IS3 
disea-es, medical a-pect-, March 
357 

medicolegal aspects, March, 347 
Opiate and cocaine addiction, com- 
bined, May , 721 
Opiates m cancer, Jan , 1 IS 
Orbit, tumors, treatment, July, 995 
Orr’s treatment ot wounds, March, 3S3 
Osteitis, carcinomatous, differentiated 
from Osteitis deformans, July , 
1063 

chronic sclero-ing, July, 1062 
circum-cnpta, July , 1114: 
delormans of skull, JMy, 1 1 *** 
O-teochondroma, July, lua4 


j 63 

I lner and bihar\ tract, ?at: , 2> 
j pancreas, Jan , 26 
renal, Jan , 24 
symposium on, 7u;f I 
Painful feet, Jan , 103 
heel, Jan , 6S 

Pancreas, di-eases, pain in, Jan . -6 
Paralysis in pohomvelitiN May, 6&> 
infantile See Poliomyelitis 
Paranoia, alcoholic. May, 'la 
Paranoid, alcoholic, chrome. May, 

schizophrenia, 

Paresis, general, May, *-9 . 

Parietal bones^. symmetrical thinn^ , 

foraminaV congenital, JM. H07 
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Parotitis, acute postoperatiy e, radium | 
treatment, July, 954 
Pelvic inflammatory disease, acute, 
Jan., 37 

chronic, Jan , 3S 
tumors, Jan., 45 

Pelvimetry , roentgenologic, July, 1019 
Pelvis, female, architectural ty~pes, 
July, 1029 

pain arising from, Jan., no 
Penis, ubrous plaque’s, radium treat- 
ment, July, 952 
Pentothal anesthesia, March,~58S 
Peptic ulcer, pain in, Jan., 17 

roentgen diagnosis, July, 1117 
Periarteritis nodosa, abdominal pain 
in, Jan., 27 

Peritonitis, tuberculous, roentgen 
treatment, July, 964 
Perivascular drainage in poliom\ elms, 
May, 6S9 

Personality, psychopathic, May, 732 
Pertussis, See II hooping cough. 

Petechial hemorrhages, March , 396, 
401 

Pevronie’s disease, radium treatment, 
July, 952 

Phosphatase, serum, in differential 
diagnosis of jaundice, May, S41, S44 
Physical status, psychoses and. May, 
705 

therap\ in general practice, March , 
479 

recent advances. May, S15 
Ph\ biological treatment of psychoses, 
May, 735 

Phvtobezoar, roentgen diagnosis, July, 
1130 

Pitchblende, July, STS 
Pituitary' gland, teratoma, Jan., 153 
growth hormones. May, 612 I 

Pityriasis rosea, Jan., 191 
Placenta prae\ia, management, Mav, I 
649 ' i 

Pneumococcic infections, puerperal 
Mat, 631, 640 
meningitis, MarcJj, 495 

'ulfapvndme in, March , 469 
Pneumonia, abdominal pain in Jan 
29 

pneumococcal serotherapy and 
chemotherapy, Jan., 205: March 
464 

"ulfapyndme ui, Jan , 210, March , 
464 


Poliorm elltis, diagnosis and treatment, 
recent advances, May, 677 
prophylactic measures. May, 6S6 
serum therapy, Jan., 233 
Polyps of urethra, Jan., 248 
rectal, precancerous, July, 922 
Port-nine stains, radium treatment, 
July, 947 . 

Po=tnasal infection, feyer in, Jan., -SS 
Postural drainage in pulmonary ab- 
scess, March , 551 

Precipitation tests in syphilis, May, 
S29, 835 


-uliathiazole in, Jan., 214; March 
464 


Pneumothorax, spontaneous, abdom- 
inal pain in. Jar. , 30 
traumatic, March, 375 
Pm-ons, mdu-trial, March, 359 
Poliomyelitis, March, 497 


Pregnancy, ectopic, Jan., 41 _ 
mental disorders of, May, 725 
vitamins and, May, 615 
Pregneninolone, Jan., 158 
Progestational preparation", Jan., 156, 
157 

Progesterone, Jan., 164 
Progestin therapy. May, 612 
Prostatic infection, feyer in, Jan., 2SS 
Prothrombin determination, methods, 
May, 660 

relation of vitamin K, May , 659 
Pruritus ani, roentgen treatment, 
July, 970 

vul\*ae, roentgen treatment, July, 
97° 

Pseudohemophilia, hereditary , diag- 
nosis, bone marrow examination b\ 
sternal puncture in, May , 66S 
Psoriasis, Jan., 192 

roentgen treatment, July, 970 
Psy chiatry , fundamentals of, May, 703 
Ps} choneuroses in cachexia nervosa, 
May, 770 

torticollis in, May, 749 
Psy chopathic personality , May, 732 
Psychoses, May, 703 
adolescent, March, 515 
[ alcoholic. May, 715 

antepartum and puerperal, Max, 
725 

dmgnostic approach, May , 703 
diet and, May, 742 
drug, May, 717 
epileptic. May, 728 
hormone jherapy, Mav, 742 
Korsakott’s, May , 716 
manic -depressh e. May, 712 
physiological treatment, Mav, 735 
post- trauma tic, March , 325 
schizophrenic May, 710 
shock therapy , Max . 735 
torticollis in, Max , '749 
Puerperal mastitis' roentgen treat- 
ment, Mav, 641 
Psychosis, May, 726 


^63i r ° Ph>lacdc mea ' ure5 » May, 
sulfanilamide in, March, 459 
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Puerperal vitamin requirements, JLTay, 
625 

Pulmonary embolism, pain of, Jan., 82 
Purpuric states, differentiation, bone 
marrow' examination bv sternal 
puncture for, May, 666 


Rabbit serum in pneumococcus pneu- 
monia, Jan., 206 
Radiculitis, tabetic, Jan., 56 
Radiologic associations and publica- 
tions, July, 882 

Radiosensitiveness of cells, specific, 
July, 975 

Radium, discoverv and properties, 
July, 875 

source and supply, July, 876 
Radium treatment, computation of 
dosage, July, 8S0 
historical development, May, 804 
introduction and general consid- 
erations, 873 

of benign tumors, July , 946 
of carcinoma of cervix, July, 885, 
899, 908 

of female genitalia, July, 905 
of rectum, July, 929 
of inflammatory lesions, July, 953 
of nonmalignant conditions, July, 
945 

principles of, July, 879 
recent advances, May , 803 
symposium on, July , 873 
Radon, May, 810; July, 876 
Raynaud’s disease, pain in, Jan., 77 
Rectum, carcinoma, advances in treat- 
ment, July, 915 
irradiation of, July, 1005 
diseases, pain in, Jan., 22 
polyps, precancerous, July, 922 
Refrigeration in cancer, Jan., 127 
Relapsing fever, Jan., 292 
Responsibility, criminal, insanity and, 
March, 313 

Retina, melanoma, treatment, July, 
995 

Rheumatic fever, Jan., 293 
heart disease, Jan., 88 

sulfanilamide in, prophylactic, 
March, 473 

Rhinitis, allergic, March , 537 

vasomotor, histaminase in, clinical 
results, May, 859 
Rib, cervical, Jan., 60 
Riboflavin in pregnancv, May, Oil 
Rickettsial infections, fever in, Jan., 
292 

Ringworm, Jan., 188 
Roentcen, defined, July, 9o-± 

diagnosis of blood dyscrasias, May , 

669 


Roentgen diagnosis of carcinoma of 
stomach, July , 1125 
of gastric cancer, July , 1125 
of gastric disease, March, 565 
of gastric ulcer, July, 1117 
of intestinal obstruction, July , 
1143 

of tumors of bone, July, 1041 
symposium on, July, 1011 
rays, biologic, histologic and cyto- 
logic effects, July, 977 
discovery of, July, 873 
skin unit, July, 965 
specific sensitiveness of cells to, 
July , 976 

types employed, July, 975 
treatment, anatomic arrangement, 
July, 981 

divided dose, July, 979 
erythema dose, July, 979, 9S3 
historical development, May, 804 
massive doses, July, 982 
of benign lesions, July, 957 
of carcinoma of breast, July, 996 
of cervix, July, 989 
of rectum, July, 936 
of dermatologic conditions, July, 
965 

of malignant tumors, July, 973, 
979, 984, 987 

of puerperal mastitis, May, 641 
prime essential [actors in, July, 
975 

reaction to, July, 978 
recent advances, May, 803 
symposium on, July, 957 
Roentgenologic pelvimetry* 1019 
risks sustained by physician not 
trained in roentgenology', July, 
1011 

Roentgenology, medicolegal aspects, 
March, 331 
Rosacea, Jan., 193 
Rovsing’s sign, Jan., 21 


Salivary glands, malignant tumors, 
treatment, July, 995 
Salpingitis, abdominal pain in, Jan., 2b 
acute, Jan., 37, 38 
gonorrheal, Jan., 39 
tuberculous, Jan., 39 
Sarcoma of bone, roentgen diagnosis, 
July, 1060 
roentgen treatment, 
of skull, roentgen study, July, 1 
Scabies, Jan., 192 
Scalp, lacerations, March, 39b 

tumors, roentgen study, J J’ - 
Scarlet fever convalescent * 

other streptococcal infection*, Jan., 

224 
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Scarlet fever convalescent serum in 
prevention, Jail., 222 
In treatment, Jan*, 223^ 
sulfanilamide In ,^March, 457 
Schizophrenia, May, 710 
catatonic. May, 711_ 
hebephrenic, May, 71j) 
paranoid, May, 711, 712 
shock therapy. May, 735 
Schuller- Christian svndro me, skull in, 
July, 1114 

Scrofuloderma, roentgen treatment, 
July, 964 

Seminoma of testis, roentgen treat- 
ment, July, 1002 

Sepsis, puerperal, prophylactic meas- 
ures, May, 631 

Serum, blood. See -B/ood scrum. 
human, as blood substitute, Jan., 
235 

its application in medicine, Jan., 
219 

therapy in pneumococcal pneumo- 
nia, Jan., 205 

Sex hormone therapy in gynecology, 
Jan., 155 

Shock, first aid, March, 365 
therapy of psychoses, May, 735 
Shoes in foot disorders, Jan., Ill, 
~ 113 

Short wave diathermy, May, SI 5 
Sickle cell anemia, roentgen diagnosis, 
May, 671 

Silicosis, roentgen diagnosis, March, 
a44 


Splenectomv, bone marrow examma- 
' tion by s'ternal puncture as guide, 
May, 666 

i Staphvlococcal Infections, puerperal, 

| ' May, 631, 640 

i sulfapvridine and sulfathiazole 
in, March, 469 

Sterilitv, roentgen treatment, July, 
972 

vitamins and. May , 616 
I Sternal puncture, bone marrow exam- 
ination by, Ma\% 663 
Stilbestrol, Jan., 15 S, 163 
Stomach, carcinoma, roentgen diag- 
nosis. July , 1125 

contents, examination, March , 563 
diseases, pain in, Jan., 17 
examination, technic, Marc/:, 559 
ulcer, roentgen diagnosis, July, 1117 
Streptococcal infections, puerperal, 
prevention, May , 631, 634 
treatment, May, 634, 640 
scarlet fever convalescent serum 
in, Jan., 224 

sulfanilamide in, March, 457 
meningitis, March , 496 
Stricture of urethra, Jan., 251 
Strum pell-Marie encephalitis, March, 
501 

Sturge- Weber syndrome, July , 1 104 
Subarachnoid hemorrhage, March, 
_ 395, 400, 499 

Subdural hematoma, March, 369, 49S 
Suicide bv mercurv ingestion, March, 
403 ' 


Simmonds* disease, anorexia nervosa 
and, May, 756 
Sinus pericranii, July, 1104 

thrombosis, cerebral, March, 500 
Sinusitis, roentgen treatment, JuJv, j 
^ 959. 963 j 

Skeleton, injuries, March, 3S2 j 

Skin diseases, common, Jan., 1S1 
roentgen treatment, July, 965 
unit of roentgen rays, July , 965 
Skull fractures, March, 392, 39$ 
tumors, and conditions which mav 
simulate them roentgenologicallv, 
July . 1106 

Sore throat, streptococcal, sulfanila- 
mide in, March, 4o7 
Spinal cord lesions, pain from, Jan., 
55 

tumors, contrast mvelographv in. 
July, 1067 ' 

fluid examination in syphilis, Ifav 
832 


by veronal ingestion, March, 415 
by violence, March, 423 
Sulfanilamide, March, 453 

blood reactions, bone marrow exam- 
ination bv sternal puncture in. 
May , 663' 

dosage and administration, March , 
454 

in chancroid, March t 459 
in common cold, Jan., 197 
in gas gangrene, March, 460 
in hemolytic streptococcal infec- 
tions, March, 457 

in meningococcal infections, March , 
459 

in otitis media. May, 697 
in puerperal infections, Mav, 637 
m pulmonary abscess, March , 550 
m urinary tract infections, March, 
461 

in wound therapy, March , 3S2, 385 
toxic reactions, March , 462 475 
476 


^pme. lesions, roentgen diagnosis 

staining characteristics, May, S2S ' ™ fe °- n ? rrIlea ’ March, 471 


. 470 

in otitis media. May , 698 
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Sulfapyridine in pneumococcal menin- 
gitis, March , 469 

in pneumonia, Jan., 210 ; March , 464 
in staphylococcal infections. March , 
469 

toxic reactions, March , 466, 475, 476 
Sulfathiazole, March , 463 
in gonorrhea, March , 470 
in otitis media, J/ay, 698 
in pneumonia, Ja;;., 214; March, 464 
in pulmonary* abscess, 3/arc/z, 550 
in staphylococcal infections, March , 

469 

in urinary tract infections, March , 

470 

in wound therapy, March, 383 
toxic reactions, March , 466, 475, 476 
Sulfonamide drugs, prophylactic uses, 
3/arc/z, 473 

uses and abuses, March, 453 
Sympathectomy in cancer, Jazz., 123 
Syphilis, early, treatment, 3/ay, 775 
intensive methods, 3/ay, 776 
routine methods, 3/ay, 779 
laboratory diagnosis, May, 827 
of coronary arteries, May, 789 
of heart, Jan., 91; 3/ay, 789 
of myocardium, 3/ay, 792 
of stomach, roentgen diagnosis, 
July, 1131 

serologic tests and interpretation, 
3/ay, 829, 830 

spinal fluid examination. May, 832 
Systemic diseases, abdominal pain in, 
Jan., 30 


Tabetic radiculitis, Jan., 56 
Target cell in Cooley’s anemia. May , 
673 


Thrombo-angiitis obliterans, pain of, 
Jan., 79 

Thrombopathy, constitutional, 3/av, 

668 

Thrombophlebitis, pain of, Jan., 84 
Thrombosis, sinus, cerebral, March, 
500 

Thyroid, desiccated, in prevention of 
colds, Jan., 202 
therapy in women. May, 608 
Thyroid gland, malignant tumors, 
roentgen treatment, July , 996 
Toes, fifth, congenital deformity, Jan., 
114 

Tonsillectomy, relation to incidence of 
poliomyelitis. May , 688 
Torticollis of central origin. May, 747 
Trachoma, sulfanilamide in, March , 
462 

Trichinosis, fever in, Jan., 294 
Trichosis, roentgen treatment, July, 
969 

Trisodarsen in syphilis, May , 777 
Tuberculosis, fever in, Jan., 289 
Tuberculous adenitis, radium treat- 
ment, July, 954 
roentgen treatment, July , 963 
meningitis, March, 496 
peritonitis, roentgen treatment, 
Jzdy, 961 

salpingitis, Jan., 39 
Tularemia, fever in, Jan., 291 
Tumors, benign, radium treatment, 
July, 946 

intracranial, head pain from, Jan., 

4, 12 

malignant, roentgen treatment, 
July, 973, 984, 987 
of bladder, Jan., 268 
of bone, roentgen diagnosis, July, 


Teratoma of pituitary- bod}*, Jan., 153 
Testimony, court, by doctor, March, 
303, 31a, 434 

Testis, malignant tumors, roentgen 
treatment, July, 1002 
Testosterone, Jan., 159, 164 
Tests, laboratory, relation to practic- 
ing physician, May, 823 
Tetanus" in infants and children, 
March, 507 

neonatorum, March , 491 
Tetany in infants and children, March, 
502 

of newborn, March , 488 

Theelin, Jan., 162 

Thermotherapy, May , 81o 

Thiamin chloride in pregnancy. May, 


62 1 

‘horacic organs roentgen exanuna- 
tion, risks to physician, July. 101o 
-horium dioxide so 1. contrast myelog- 
raphy with, July, 


1041 

roentgen treatment, July, 1004 
of scalp and skull, roentgen study, 
July, 1103 

of spinal cord, contrast myelography 
in, July, 1067 
pain in, Jan., 55 
pelvic, pain in, Jan., 45 
Typhoid fever, Jan., 291 


Ulcer, gastric, pain in, Jan., 17 
roentgen diagnoses, July, 111' 
Hunner’s, Jan., 265 
Ultraviolet irradiation, May, olv 
Unconscious injured person, care oi, 
March, 389 

Underwater exercises, May, *- 
Undulant {ever, Jan., -90 
Uranium, investigation of, Ju y. 
Ureter, injuries, March, 3/y 
pain from, Jan., 24 
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Urethra, caruncle, Jan., 255 
cyst?. Jan., 24S 
diverticulum, Jan., 253 
injuries, March, 3SI 
polyps, Jan., 24S_ 
stricture, Jan., 251 
Urethritis, chronic granular and cica- 
tricial, in female, Jen.. 246 
Urinary tract infections, sulfanilamide 
in, March, 461 
sulfathlazole in, March. 470 
lower, in female, chronic diseases, 
Jan., 245 

Urticaria. Jan., 191: March, 537 
histaminase in, clinical results. May, 
S60 I 

Uterine bleeding in carcinoma of cer- j 
vix, July, S3 7 

Uterus, carcinoma, radium treatment, 
July, 909 

roentgen treatment, July. 1006 
cervix. See Cervix uteri. 
diseases, abdominal pain in, Jan., 2S 
nbromyoma, Jan., 47 
radium treatment, July , 949 
roentgen treatment, July, 1006 


Vaccines in prevention of colds, Jan., 
203 

\agina, carcinoma, radium treatment, 
July, 911 

\aginal discharge in carcinoma of cer- 
vix. July, S3 7 

\ aginiris, senile, vitamins in. May, 624 
Vascular anomalies of skull. July, 1107 
disease, intra-abdominal, pain in, 
Jen., 26 

\ asomotor rhinitis, histaminase in, 
clinical results. May, S59 
\ en ureal disease, diagnosis, laboratory 
assistance in. May, S27 
Veronal ingestion, suicide from, 
March . 415 

treatment, March , 419 
\ erruca plantaris, roentgen treat- 
ment, July, 970 

vulgaris, radium treatment, July, 
953 

roentgen treatment, July, 970 
Version, Braxton Hicks, in placenta 
praevia. May, 653 
external in breech presentation 
Jar.., 27S 

Vertebrae, articular facets, indamma- i 
tion in, Jan., 71 

cervical, disease of, head pain from 
Jan., t, 13 

\ wethene anesthesia, Merer., 5SS 
\iolence. homicide and suicide bv 
Merer.. 42 3 

\ tosterol in pregnancy, May, 622 


Vitamin A in lactation. May, 627 
in pregnancy. May, 623 
Vitamin Bi in lactation, May, 620 
in pregnancy. May, 620 
Vitamin Bi in pregnancy. May, 0_1 
j Vitamin C in lactation. If ay, 6-6 
in pregnancy. May, 622 
Vitamin D in lactation, May, 627 
in pregnancy. May, 622 
Vitamin Erin habitual abortion, May , 
616 

in lactation. May , 625 
in sterility, May, 616 
prevention of stillbirths. May, 617 
Vitamin K, May, 617, 659 

in habitual abortion, JLfoy, 617 
! in hemorrhagic disease of new- 
born, May, 619, 661 
in lactation. May, 625 
relation to prothrombin, May, 
659 

therapy, indications for, May, 660 
Vitamin therapy in pulmonary ab- 
scess, Marc/;, 551 

Vitamins, antepartum fetal and ma- 
ternal requirements, May, 617 
pregnancy* and. May , 615 
puerperal and neonatal require- 
ments, May, 625 

relation to poliomvelitis. May, 6S7, 
6S9 

sterilitv, fertilitv and abortion and, 
May, 616 

Von Wifieb rand’s syndrome, May, 66S 
Vulva, carcinoma, radium treatment, 
July, 911 

pruritus, roentgen treatment, July, 
970 

Vulvovaginitis, laborarorv diagnosis. 
May, S3 5 

Warts, Jan., 190 
radium treatment, July , 953 
roentgen treatment, July , 970 
Whooping cough, convalescent serum, 
Jan., 235 

convulsions in. Me mi, 49 S 
Willett's forceps, May, 652 
Wilms' tumor, roentgen treatment, 
July, 1001 

W itness, doctor as, March, 303, 434 
W orkmen's Compensation Acts, 
March, 347 

Wounds, chemotherapy, March , 3S2 
Orris treatment, March , 3 S3 

| See Roentgen. 

Xanthomatosis, skull in, July, 1114 

L \c 4 . 

j * s, in pregnancy*. May, 



